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CHAPTER I - INTERAGENCY COORDINATION PROGRAM

1. General. - To insure that the planning studies addressed
all potential problems, the Corps maintained continuous
coordination with local sponsors, agencies affected by the
project, and agencies directly involved in project studies.
Formal coordination included presentations at meetings of the
Executive Committee. The most extensive coordination, however,
was accomplished through the Study Management Team meetings. The
Corps initiated these meetings in February 1988 to discuss study
results by the various agencies involved. The meetings
encouraged the interchange of ideas and discussion of problems,
and provided an opportunity for participation in project planning
by the City and County of Sacramento and agencies not otherwise
directly involved in the studies.

2. Public Involvement. - The basic objectives of the
program are to (1) obtain sufficient information from the
broadest practical cross section of concerned citizens, groups,
and governmental agencies to identify area problems, issues,
needs, priorities, and preferences regarding water resources
development, (2) promote full public understanding of the
American River Watershed Investigation, and (3) develop a process
of interaction and encourage the public to participate and become
involved in the studies.

Three public hearings on the draft American River Watershed
Investigation Report were held in May 1991. Transcripts of these
hearings are available at the U.S. Army Engineer District,
Sacramento offices.

3. Agency Involvement. - Representatives of the following
Federal and State agencies and local governments have been
involved in the Feasibility Study effort by coordinating with the
Corps and reviewing Corps studies, attending various meetings,
and exchanging extensive correspondence:

California Department of Fish and Game
California Department of Water Resources
The Reclamation Board (State of California)
U. S. Bureau of Reclamation
U. S. Environmental Protection Agency
U. S. Fish and Wildlife Service
County of El Dorado
County of Placer
County of Sacramento
County of Sutter
City of Sacramento
Office of Sacramento Flood Control Planning
American River Authority
Friends of the River
American River Flood Control District
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4. Pertinent Correspondence. - Pertinent correspondence
received or sent during the Feasibility Phase for the project
follow as attachments to this appendix in chronological order.
The letters are described in the Table of Contents.

5. Activities. - The following tabulation summarizes the
most significant interagency coordination activities through
December 1991. Coordination activities are also described at
pertinent places in the main report of the Feasibility Study, in
the EIS and in the various appendices.

6. Comments and responses. - Comments received addressed
nearly every major aspect of the project and are included as a
"Comment and Response" Appendix. All comments have been
responded to collectively in the text of the main report.
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TABLE A-I

INTERAGENCY COORDINATION MEE [Ný,

Date Activity0
5 Apr 89 Informational meeting sponsored by the Greein.,

Homeowners' Association.
18 Apr 89 Meeting with DWR and State Reclamation Board to

discuss proposed agenda for the Executive Committee.
19 Apr 89 Study Management Team Meeting.
24 Apr 89 Interview with KCRA's Roy Stearns.
25 Apr 89 Central Valley Task Force subcommittee created t(c

discuss minimum flow requirements for the American
River with the present storage and diversion
facilities.

25 Apr 89 Visit to Department of Transportation, District 3 to
discuss State requirements for relocating Highway 49.

26 Apr 89 Informational breakfast meeting sponsored by the
Business and Labor Alliance.

27 Apr 89 Executive Committee Meeting.
27 Apr 89 Informational meeting sponsored by the I:- icer County

Supervisors and Auburn City Council.
18 May 89 Study manager briefed a class at Hydrologic

Engineering Center (HEC) on the flood problems in the
Sacramento area.

22 May 89 Study manager presented the argument "Wet versus Dry"
to the National Conference of the American Society of
Civil Engineers.

23 May 89 Meeting with Planning and Community Development
Department, County of Sacramento to discuss air
quality impacts.

5 Jun 89 Meeting presentation for American River Authority,
Auburn, California.

7 Jun 89 Meeting of Corps Office of Management and Budget with
local sponsors and agencies.

27 Jun 89 Attended meeting of Yolo County Board of Supervisors
on flood control concerns.

28 Jun 89 Study Management Team Meeting.
13 Jul 89 Meeting with Yolo County Supervisors about levee work

on east side of Sacramento River.
13 Jul 89 Meeting with El Dorado County Planning staff to

discuss the project.
14 Jul 89 Executive Committee Meeting.
18 Jul 89 Telephone Conversation with National Parks Service to

comply with the Wild and Scenic Rivers Act.
21 Jul 89 Meeting with City of Sacramento staff to discuss

cost-sharing recreation features.
28 Jul 89 Meeting with Department of Water Resources and

Reclamation Board regarding CEQA coordination for
EIS/EIR.

2 Aug 89 Meeting with Placer and El Dorc° ' Counties to
discuss relocation of Hwy. 49.
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TABLE A-I Cont.
INTERAGENCY COORDINATION MEETINGS

Date Activity

10 Aug 89 Project presentation to the Sacramento County Interim
Open Space Commission.

14 Aug 89 Executive Committee Meeting.
17 Aug 89 Coordination meeting with Fish and Wildlife Service.
29 Aug 89 Meeting with Sacramento County Parks and Recreation

and Sacramento City Parks and Recreation to discuss
recreation enhancement possibilities.

30 Aug 89 Study Management Team Meeting.
1 Sep 89 Project presentation at Auburn Dam Council

Meeting, Roseville, California
6 Sep 89 Meeting with Central Valley Regional Water Control

Board to discuss water quality analysis.
11 Sep 89 Sacramento Area Flood Control Studies Meeting between

Environmental Protection Agency and Corps of
Engineers.

19 Sep 89 Meeting with Bureau of Reclamation on risk of failure
of Mormon Island Auxiliary Dam.

21 Sep 89 Recreation Planning Meeting with local agencies.
21 Sep 89 Coordination meeting with Department of Water

Resources to discuss dam alternatives.
25 Oct 89 Study Management Team Meeting.
26 Oct 89 Executive Committee Meeting.
13 Dec 89 Study Management Team Meeting.
20 Dec 89 Meeting of Parties Active in Studies of the American

River.
20 Dec 89 Telephone conversation with State of California

Assembly, Office of Research on reducing cost of
expandable dam.

20 Dec 89 Meeting sponsored by City of Sacramento to bring
together agencies that are conducting water supply
studies on lower American River.

1 Jan 90 Telephone conversation with Jennifer Jennings about
environmental concerns.

11 Jan 90 Sacramento Area Flood Control Association (SAFCA)
Meeting.

11 Jan 90 Telephone conversation with Sen. Doolittle's office
about flood control alternatives.

12 Jan 90 Joint meeting of Placer County Board of Supervisors
and Placer County Water Agency.

17 Jan 90 Meeting with Brown and Caldwell Engineering about
Lower American River Urban Runoff Study.

23 Jan 90 Meeting with Reclamation Board and Department of
Water Resources to discuss expandable dam
alternatives.

25 Jan 90 SAFCA meeting.
29 Jan 90 SAFCA meeting.
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TABLE A-I Cont.
INTERAGENCY COORDINATION MEETINGS

Date Activity

31 Jan 90 Telephone conversation with Fish and Wildlife Service
on Coordination Act Report.

2 Feb 90 Telephone conversation with Jennifer Jennings,
Planning and Conservation League, on expandable dam.

5 Feb 90 SAFCA meeting.
6 Feb 90 Meeting with Department of Water Resources to

discuss expandable dam features and costs.
7 Feb 90 Telephone conversation with Bureau of Reclamation

about the possibility that their Auburn Dam EIS could
parallel our American River EIS.

8 Feb 90 SAFCA meeting.
12 Feb 90 Meeting with local sponsors to discuss expendability

features of the dam and time schedule.
14 Feb 90 Telephone conversation with Bureau of Reclamation on

Disposition of their lands at Auburn under "no
Action" alternative.

15 Feb 90 Telephone conversation with County of Sacramento
Parks and Recreation on the use of American River
Parkway for environmental impact mitigation.

15 Feb 90 Briefing of Congressman Nowak of New York on
Sacramento area projects.

21 Feb 90 Meeting with Department of Water Resources and Bureau
of Reclamation about methodology in determining
impacts to Central Valley Project yields.

22 Feb 90 Meeting with City and County agencies about
recreational aspects of study.

23 Feb 90 Coordination meeting with Fish and Wildlife Service
on environmental impacts.

28 Feb 90 Study Management Team Meeting.
1 Mar 90 Executive Committee Meeting.
6 Mar 90 Meeting with Department of Water Resources, Fish and

Wildlife Service, and Department of Fish and Game on
CEQA mitigation requirements.

22 Apr 91 Public Meeting ARWI, West Sacramento
24 Apr 91 Public Meeting ARWI, Auburn
26 Apr 91 Public Meeting ARWI, Woodland
29 Apr 91 Public Meeting ARWI, Sacramento
30 Apr 91 Public Meeting ARWI, Citrus Heights

1 May 91 Public Meeting ARWI, Sacramento
2 May 91 Public Meeting ARWI, Sacramento
6 May 91 Public Meeting ARWI, Sacramento
7 May 91 Public Meeting ARWI, Placerville
8 May 91 Public Meeting ARWI, Sacramento
9 May 91 Public Meeting ARWI, Sacramento
9 May 91 Study Management Team Meeting

10 May 91 Public Meeting ARWI, Sacramento
11 May 91 Public Meeting ARWI, Rio Linda
13 May 91 Public Meeting ARWI, Pleasant Grove
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TABLE A-I Cont.
INTERAGENCY COORDINATION MEETINGS

Date Activity

14 May 91 Public Hearing ARWI, Sacramento
16 May 91 Public Hearing ARWI, Sacramento
16 May 91 Executive Committee Meeting
22 May 91 Public Hearing ARWI, Auburn
17 Sep 91 Study Management Team Meeting
18 Sep 91 Study Management Team Meeting

0
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TABLE A-2
INTERAGENCY COORDINATION CORRESPONDENCE

Date Activity PAGE

26 Jan 88 Transmittal letter for Reconnaissance Study, American 15
River Watershed Investigation.

25 Feb 88 Request from Assistant Secretary of the Army to 15
forward review copy of the Reconnaissance Report to
office of Management and Budget.

17 May 88 OMB concurrence for start of Feasibility Study ARWI. 16
31 May 88 Secretary of Army approval for start of feasibility 16

Study ARWI.
8 Jun 88 Office of Chief of Engineers approval for initiation 17

of Feasibility Study for ARWI.
17 Jun 88 FCSA signed by the District Engineer, Director, 18

Department of Water Resources, and President,
California Reclamation Board. Witnessed by City of
Sacramento, Counties of Sacramento, Placer, and
Sutter, Reclamation District 1000, and American River
Flood Control District.

25 Jun 88 Bureau of Reclamation's response to request by City 21
and County of Sacramento to evaluate alternatives to
provide at least 100-year level flood protection to
the areas adjacent to the Lower American River and
the estimated cost range.

25 Aug 88 Placer County Department of Public Works meeting of 22
the Study Management Team and Work Order Request
PD-88-01 1-hat describes the Corps' efforts re: ARWI.

28 Oct 88 Assemblyman Tim Leslie's support of multipurpose 23
Auburn Dam.

6 Dec 88 Proposal to California Department of Parks and 24
Recreation to prepare a Programmatic Agreement (PA)
to define cultural resources responsibilities for the
American River Watershed Investigation.

6 Dec 88 Corps Notice of Initiation to Department of Parks and 25
Recreation of a feasibility study along the lower
American River.

5 Jan 89 Sutter Couinty Board of Supervisors' appointment of 25
Barbara LeVake as its representative on the Study
Management Team.

17 Jan 89 Public Information Meeting and Scoping Workshops for 26
ARWI, California, and Folsom Dam and Reservoir
Reoperation Investigation, California.

20 Jan 89 DWR provide appropriate background material for the 26
ARWI's Study Management Team to Supervisor Barbara
LeVake.

31 Jan 89 Frienrl- of the River response to Corps briefing of 27
the flood control future of Sacramento.
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TABLE A-2
INTERAGENCY COORDINATION CORRESPONDENCE

Date Activity PAGE

1 Feb 89 American River Flood Control District concerns on the 28
Third Phase Sacramento River Bank Protection Project.

7 Feb 89 Corps and the Bureau of Reclamation's initiation of
consultation with California to develop MOU to Advisory 28
Council.

10 Feb 89 The Reclamation Board non-Federal sponsor of the 29
feasibility phase of the Sacramento Metropolitan Area
investigation.

17 Feb 89 EPA request for NEPA review of the DEIS for the ARWI. 30
24 Feb 89 Friends of the River comments on scoping proceedings 31

ARWI.
7 Mar 89 DWR draft revision of the FCSA between The Reclamation 32

Board and the Corps.
17 Mar 89 The Reclamation Board's concurrence with the need 32

amend the FCSA for additional study funds.
24 Apr 89 Corps response to Friends of the River's input to the 33

scoping process for the ARWI.
24 Apr 89 Corps request to U.S. Fish and Wildlife Service for a 33

list of endangered and threatened species present in the
ARWI project area.

27 Apr 89 Amendment to FCSA between the U.S. Government, The 34
Reclamation Board, and the Department of Fish and
Game for the ARWI.

27 Jun 89 Department of Transportation to Corps regarding traffic 35
handling alternatives and related bridge alternative for
construction of a flood control dam on the American
River at Auburn.

17 Jul 89 Department of Fish and Game's willingness to review 36
development of recreational facilities in conjunction
with the ARWI, but no financial involvement.

25 Jul 89 Friends of the River's hope that the Bureau of Land 37
Management will receive an appropriation in FY 90 to
assess potential of establishing a National Recreation
Area on the American River.

31 Jul 89 Department of Parks and Recreation clarification of 38
its commitment to participate in the development of
Federal recreation facilities in connection with the
ARWI.

4 Aug 89 County of Sacramento (Parks and Recreation) interest 39
in the phased development of a multipurpose trail
parallel to the Garden Highway.

7 Aug 89 Placer County's support for the creation of recreation 39
facilities in the ARWI area.
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0 TABLE A-2
INTERAGENCY COORDINATION CORRESPONDENCE

Date Activity PAGE

7 Aug 89 The Reclamation Board's Notice of Preparation of a 40
draft EIR for the ARWI.

5 Sep 89 Resolution R-89-741 in support of a multipurpose 41
Auburn Dam.

5 Sep 89 American River Flood Control District comments to the 41
Notice of Preparation of draft EIR, ARWI.

5 Sep 89 San Joaquin County Department of Public Works to DWR 41
expressing interest in contributing to the preparation
of the Draft EIS, ARWI.

28 Sep 89 The Reclamation Board's adoption of Resolution No.89-14 43
clarifying the Board's position on flood protection for
the greater Sacramento area.

12 Dec 89 Association of Sacramento County Water Districts 44
support of a multipurpose Auburn Dam project.

31 Jan 90 Congressman Fazio's support of a multipurpose Auburn 45
dam.

8 Feb 90 Sacramento Area Flood Control Agency Resolution 227
No. 90-002 ARWI Project Consensus.

30 Mar 90 U.S. Fish and Wildlife Service revised estimates for 50
funding needs during FY 1990.

16 Apr 90 U.S. Fish and Wildlife Service ARWI project information 50
needs.

* 16 Apr 90 State Lands Commission - California's Public Trust 51
Responsibilities in Water Allocation Decisions

23 Apr 90 Corps request for comments or supplemental information 53
to the American River Coalition on draft Working Paper
for the ARWI.

30 Apr 90 SAFCA 4d Feasibility Study Cost Increase for the 53
American River Watershed Investigation.

7 May 90 Corps to DWR to explain the increase and requirement 55
for a modification to the FCSA for the ARWI.

7 May 90 Corps to The Reclamation Board to explain the increase 56
and requirement for a modification to the FCSA for the
ARWI.

10 May 90 Yolo County Board of Supervisors proposed concept of 57
utilizing the Yolo Bypass as a Federal/State-managed
waterfowl refuge.

11 May 90 City of Sacramento to Corps comments on the April 1990 57
Draft Working Paper, ARWI.

14 May 90 DWR to Corps to provide a draft copy of the proposed 58
amendment to the FCSA.

21 May 90 Sacramento District to South Pacific Division-Revision 59
of Study Cost Estimate for the Northern California
Streams, ARWI.
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TABLE A-2

INTERAGENCY COORDINATION CORRESPONDENCE

Date Activity PAGE

29 May 90 Placer County Department of Public Works comments on 60
the ARWI Main Report.

29 May 90 U.S. Fish and Wildlife Service transmittal of 61
acceptance copies increasing funding for the ARWI.

21 Jun 90 U.S. Department of Agriculture Farmland Conversion 61
Impact Rating - ARWI project.

26 Jun 90 The Reclamation Board to Corps outlining its local 62
sponsor responsibility for operations, maintenance,
repair, replacement, and rehabilitation of the
proposed Auburn flood control dam.

27 Jun 90 The Reclamation Board's draft financing plan for the 63
ARWI project.

6 Jul 90 The Reclamation Board approved study cost increases 64
for the ARWI.

11 Jul 90 The Reclamation Board draft letter of intent as a 64
local sponsor for the flood control project of the
American River Watershed Investigation.

16 Jul 90 Congressman Fazio's joint (with Cong.Matsui) letter 65
sent to SAFCA regarding feasibility and desirability
of establishing a National Recreation Area at the
Auburn Dam site.

24 Jul 90 U.S. Fish and Wildlife Service intent to work 66
with the Corps in mitigation, restoration, and
enhancement for the American River Project.

24 Jul 90 SAFCA to American River Coalition debate on design 67
and construction of the expandable features of the
flood control dam.

26 Jul 90 Placer County Department of Public Works to Caltrans 69
District 3 regarding recommendation for the relocation
of Highway 49 connecting the existing high level bridge
over the North Fork American River to the Community of
Cool.

27 Jul 90 Corp's review of Bureau of Land Management draft 70
report on the American River National Recreation Area
Feasibility Study.

13 Aug 90 National Wildlife Federation key concerns on flood 71
damage reduction.

14 Aug 90 U.S. Fish and Wildlife Service itemized list of 86
anticipated tasks and funding needs for additional
work on the ARWI.
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TABLE A-2

INTERAGENCY COORDINATION CORRESPONDENCE

Date Activity PAGE

17 Aug 90 DWR requesting additional information regarding the 87
design and construction of Corps proposed roller
compacted concrete alternate.

17 Aug 90 Department of Transportation District 3 to Placer 87
County Department of Public Works analysis on the
proposed relocation of Highway 49.

20 Aug 90 U.S. Fish and Wildlife Service to Corps to develop and 88
acceptable mitigation plan for the ARWI project.

27 Aug 90 Corps to the State Reclamation Board identifying 91
information needed from the State to revise and
complete draft Feasibility Report and EIS for ARWI.

26 Sep 90 Placer County Water Agency Resolution No. 90-37 92
revising Resolution No 90-4 relating to Auburn Dam.

16 Nov 90 Corps to Department of Interior transmitting issue 93
paper regarding the proposed flood control project
for the American Rivpr.

28 Nov 90 HQS USACE Feasibility Review Conference. 94
21 Dec 90 U.S. Environmental Protection Agency to HQS USACE 98

comments on the draft ARWI Project Guidance Memorandum
(PGM) and Issue Paper.

10 Jan 91 HQS USACE to South Pacific Division confirming 99
requirement for emergency low level outlet gates on
the flood control dam.

22 Jan 91 California Transportation Commission to DWR regarding 100
relocation of Route 49.

23 Mar 91 EPA summary of issues regarding ARWI study. 101
4 Apr 91 HQS USACE to National Wildlife Federation Evaluation 108

of the Environmental Defense Fund Critique of the
Flood Control Analysis for the American River.

5 Apr 91 ARWI Draft Feasibility Report and EIS/EIR available 115
to public for review in local libraries.

5 Apr 91 ARWI Draft Feasibility Report and EIS/EIR forwarded 115
to South Pacific Division and EPA for filing.

5 Apr 91 Corps and The Reclamation Board's notice TO ALL 116
INTERESTED PARTIES for review and comment on the
draft Feasibility Report and joint EIS/EIR for ARWI.

22 Apr 91 U.S. Department of Transportation (Coast Guard) 117
review of draft Feasibility Report and EIS for the
ARWI.

10 May 91 The Reclamation Board to the City of Sacramento draft 117
proposal of Amendment II to the State/Local cost
sharing agreement for the ARWI.
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TABLE A-2

INTERAGENCY COORDINATION CORRESPONDENCE

Date Activity PAGE

21 May 91 Reclamation District No. 1001 to Corps expressing 118
concerns that changes outlined in draft Feasibility
Report should not discriminate or jeopardize
facilities and/or level of protection afforded
landowners within RD 1001.

28 May 91 Placer County Board of Supervisors opposition to 118
Corps' proposal of dry dam in ARWI Feasibility Report.

28 May 91 FEMA to SAFCA requesting a description of the steps 119
that the SAFCA would take to ensure that adequate
progress is made toward completion of the necessary
levee restoration and raising and reauthorization of
Folsom Reservoir for additional flood storage.

29 May 91 HQ USACE analysis of EPA comments on the ARWI 120
regarding the relationship between the 404(b)(1)
Guidelines and the Principles and Guidelines.

31 May 91 SAFCA's recommendation of 200-year flood control dam 122
near Auburn.

3 Jun 91 U.S. Department of Commerce comments on the 123
Feasibility Report and DEIS.

6 Jun 91 State of California (DFG) Memorandum to Annalena 124
Bronson providing review of draft ARWI SCH 89080710
for El Dorado, Sacramento, Sutter, Placer, and Yolo
Counties.

11 Jun 91 Neumiller & Beardslee, Attorneys and Counselors, 126
Special Counsel to the Board of Supervisors of San
Joaquin County comments on Part II of the ARWI DEIS.

11 Jun 91 El Dorado County Board of Supervisors' comment on 131
the draft American River Watershed Investigation.

11 Jun 91 Department of Health and Human Services comment on 132
Draft EIS for potential adverse impacts on human
health on behalf of the U.S. Public Health Service.

12 Jun 91 City of Sacramento to SAFCA expressing support of 133
SAFCA's effort at obtaining a 200-year or greater
level of protection while minimizing political and
environmental oppositions against the project.

12 Jun 91 Sacramento Metropolitan Water Authority comments on 136
the ARWI draft Feasibility Report Parts I and II.

12 Jun 91 Placer County Water Agency to Corps opposition to the 138
"flood control only" project.

13 Jun 91 El Dorado County to comments on the American River 139
Watershed Investigation Draft EIS/EIR.
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TABLE A-2

INTERAGENCY COORDINATION CORRESPONDENCE

Date Activity PAGE

13 Jun 91 State Lands Commission review comments on draft 146
Feasibility Report EIS/EIR ARWI.

13 Jun 91 EPA detailed comments on Draft Feasibility Report. 148
14 Jun 91 State Water Resources Control Board recommendations 179

on draft Feasibility Report EIS/EIR for the ARWI.
14 Jun 91 Environmental Defense Fund comments on the Corps' 181

analysis of flood risk to Sacramento area and
alternative options for reducing/avoiding potential
damage to the area resulting from flooding.

14 Jun 91 The Resources Agency coordinated review comments on 186
the draft Feasibility Report and EIS/EIR ARWI
project.

21 Jun 91 U.S. Department of the Interior review comments on 190
ARWI draft EIS/EIR; concerns that no environmentally
acceptable alternatives are presented.

24 Jun 91 SAFCA's Resolution Nos. 91-008 and 91-011 approved 200
recommendations regarding the components which should
be included in the overall plan for flood protection
along the American River.

28 Jun 91 The Reclamation Board's adoption of Resolution No. 204
91-10 in support of high levels of flood protection
and consideration of a locally preferred plan the
ARWI Feasibility Report.

12 Jul 91 Congressmen Fazio and Matsui to Dr. Dickey, DA, 207
Civil Works concerns on the criticisms from Federal
agencies and the State of California regarding Corps
draft Feasibility Study and EIS for ARWI.

30 Jul 91 Corps to Advisory Council on Historic Preservation 209
review draft Programmatic Agreement.

20 Aug 91 County of Sacramento to Corps letter of intent as the 209
non-Federal sponsor for the recreation facility
development portion of the Natomas East Main Drain
flood control project.

28 Aug 91 South Pacific Division concurrence to Sacramento 210
District's request that an exception be granted
for deviating from the NED Plan.

23 Sep 91 City of Sacramento to Corps letter of intent as the 210
non-Federal sponsor for the development of the
recreation portion of the Natomas East Main Drain
flood control project.
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TABLE A-2

INTERAGENCY COORDINATIO14 CORRESPONDENCE

Date Activity PAGE

26 Sep 91 HQS USACE to South Pacific Division - review and 211
consideration of request to deviate from NED plan.

27 Sep 91 County of Sacramento to Corps to endorse the 211
participation of the Dept of Parks and Recreation as
the non-Federal sponsor for the Natomas East Main
Drain Flood Control Project (recreation element).

4 Oct 91 The Reclamation Board intent to be joint sponsors 212
(with SAFCA) for the ARWI project.

22 Nov 91 Supplemental Biological Assessment on threatened 213
valley elderberry longhorn beetle (VELB) in ARWI.

27 Nov 91 Fish and Wildlife Service to Corps request for 217
consultation pursuant to Section 7 of the Endangered
Species Act.

29 Nov 91 U.S. Fish and Wildlife Service transmittal of 221
detailed report and substantiating reports on the
effects that proposed flood control alternatives for
the ARWI would have on the fish and wildlife resources.

5 Dec 91 Corps to U.S. Fish and Wildlife Service clarifying 222
issues in the Biological Opinion and Coordination Act
Report.

13 Dec 9 U.S. Fish and Wildlife Service to Corps outlining 223
mitigation requirements and recommendations pursuant to
the Endangered Species Act of 1973, :is amended, and the
Fish and Wildlife Coordination Act.

16 Dec 91 The Reclamation Board and SAFCA letter of intent to 224
be the non-Federal sponsors for the ARWI flood control
project.

16 Dec 91 Advisory Council on Historic Preservation to Corps 225
Programmatic Agreement regarding the implementation
of the American River Watershed Project.
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AT7EN'rCN CF:

CECW-PW (335-2-5a) 0 JAN 1CQ1

MEMOR.ANDUM FOR Coz-amander, South Pacific Division, ATTN: CESPD-PD

SUBJECT: American River Watershed Investigati-n - Project Guidance
Memorandum (PGcM) da ted 28 November 1990

1. Reference is made to the 10 January I9i telecon between
Messrs. Frank Dunn and Jay Scper of CESPD and Messrs., Earl Eiker
and !ohn Lucyshyn of HQUSACZ ccncerning HQUSACo interpretation of
guidance contained in paragraph 3a(S) of the subjecz PGM.

2. As required by paragraph 3a(6) of the subject PGM, all low
level outlet provisions for Auburn Dam are to be provided with
regulating gates and emergency closure and bulkrhead provisions in
order to regulate flows during periods of seismic, flood or other
emercencies or threat to the structural intagrity of Auburn Dam
itself. In accordance with guidance contained in EM 11l0-2-1602,
emergency closure provisions can be provided with-one transferable
gate capable of closure under flow. If provisions are upstream of
bellmouth entrances, this gate will also serve for bulkhead
requirements. The diversion tunnel is to be permanently closed.

JI-MY F. BATES
Chief, Policy and Planning Division
Directorate of Civil Works
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'49 OP., 4 United State. Rcgivnbi Adi~nin~tauwr Rcqion 9
*. wironrncntal Prote::ion -75 Hawthcqito Simet -Arlzona. California, H~awaii

AgnySaii Fitnca~co CA 9.4105 Nc.'id:. Placifc w~ands

-~&~ENVIRONMENTAL PROTECTION AGENCY0

Colonel Laurence R. Sadof--: 3 dut 793419

DistictEngineer
TJ.S, Army Corps of E-ngineers
Sacramento District
650 Capitol Mail
Sacramiento, California 9581-4

Dear 'Colonel sadoff*:

The EnViroý-nment.-al protecti~on Agency (E7YA) has reviewed. th~e
Draft' Envir-ciniental Impact'. statem~ent for the project entitled
Feasibility Report and Draft Envirorurental Impact Statement and
Environmental Impaq-t Report American River Watershed
Investigmt-4oz, Sacramento, California. Our reviaew is provided
pursuant to the Nalt-inal Evironmental Pol-icv Act- (NEPA), Council
on EnVironment-. Quality (CEo) regulation~s (40 CFR Parts 1500-
1508) and Sect-on 309 cf the Clean Air Ac-t.

In resoc-se to flo risks in the Sacramento area, the Co-rps
of Engineers (COE) proposes to provide an estimated 400-year
level of !lood prot~ection. T7he proposed project includes a 498
eoot high, 890,000 acre-Coot ca-acit-y flood. det-ention dry dam
near Auburn, Camlifornia; levee and related modifications around
t~he flatoma.s area, lower Dry Creek and Arcade Creek; and
recreation trails as part of th~e levee improveaments in Natomas.

Temporary Folsom Reservoir -re-ceration for increased flood
storage is bLn proposed by the COE as a separate federal act.ion
outside this =3 to provide 100-year flood pr:otection until- the
proposed dam project is operat~onal. This 100-year level of
flood protection is necessary to avoid increased flood insurance
rates when the morator-ium on Zone A99 Flood Insurance rates
expi-res in November 1992. The Natomas area would. not1 be
pro-tacted by ta--cra-Y Folsom, recoeration. Other related

r4jc`" in the Sacramento area include: Saýcramanlto Rie lood
Control System 'Evaluation (levee repair) ; Sacramento M~etropolitan
(levee improvements) , which will be combined with the proposed.
American River project, at the design stage7 Bureau of
Reclamnati on's nmultipurposea Auburn Dam; westside Yalo Bypass Levee
Study; and Bur=eau of Land MId.nagement- American River National
Recreation Area Study.

We annrecia-te the COE's ef-forts to ex-p.ain the proposed.
action and its conseauences to EPA. Over the past two years,
your st.-af f and that of the Division have spent nany hours in
person and ovecr the telep-hone ans*.zering questions about. this
important - EPA has m;et with the COE on se':eral occasions
(May 15 (conference call) , XNay 23, Tune 5) since receipt of the
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DE-SI in order to discuss our concerns and questions about
sp~ecific issues. We have recently been infor..ied that local
z-onsors may request- the 200-year- protection upstream dam as the
selected pidn. Alt-hough this and additional. information have
been received from your staff, our ccmeflts are necessarily based
on- the informatilon in the DEIS in the form in which it was
released for public review.

EPA recocrn:zes the critical need flor- lona-term flood
protection in the Sacramento area. We support th.-e Protection of
ex~sting property and str-uctures from -flood, damage and believe
that Protection method(s) should be selected whic!hý will, with
mitigation, al 5o m 4 inmze damage to the natural environment.
ITZPA requires full d:.scussicn of s-igni-ficant environmental
im-,rcts and disclosure to decisionmakers and the public of the
reasonable alte~rnati~ves which would avoid or minimize adverse
immacts or en'hance tihe cualit.y of the human environment (40 CFR.
zect~ion 1502.1). The N--"?A process is intended to assist public
o-ff-icials make decision-s th-at are based on understanding of
envirconment--i co:nsequences, and ta*:e acticns that protect,
restore, and en~harnce the envir-onment (40 CtiR section 1500. 1).

We acknowledae the COE's siibstantia2. efforts to reconcile
t-.he needs of ccnflict-ing interest groups an d %to Provide s olutions
to this serious, complex problem, However, this DEIS and
reasibilitv Reoort do not fully inform 'the public and

*decisionma~ers of the potent~ial irmpacts to the environment and
the measures th-e COE and local sponsors would imnlement t-o
miniinize those ninpacts. Consequently, we have rated this
document 3 - Inadequate Information (see attached "Summary of the
EPA Rat%-ing System"l). EPA has not provided an environmental
rating :ýor t6h* pr ozosa3. due to thle inadequacy off Iin:orma tion
regarding Sig-nificant- environmental imloacts and tte consequent
inability for our agency to determ-ine the full impcots of the
t.ent-atively se.2ected plan and its alternatives.

The COE has stated their intlention to seek a 4C4(r) Clean
Wate-r Act exeMption from~ Congress. TO coMply with-l" 404(r)
exeino.tion requirements, tChe COE must fully co:nsider- the 404(b) (1)

Guidelines ":!AEI. . is c;',!i gata-4 to comensn on whether
the proposal is i1n com,,pliance with these Guidelines. Because of
the lack of &Ade-uate inforn&ation in the DEIS, EPA is unsable to
--,,a ke a p iiv '-io orCC7.1liance. We are unable on
the basis oil thin-s EIS to determine the least environmentally
da-m-aging practicable alternative whi1-ch fulfills thle project
purpos-e of flocd protection.

A significa-nt omission in the D'EIS is the lack of
infor-mation on the potent~ial envi-ro~m~ental impacts of interim
f lood protect~iOn. Inter in pro-tect-ion p-roject iinpacts may combine
add-itively and/or synergistically with rnent rojec

Sto cause far gr:eater Jimpacts th-an projected for per-anent
Wprotection pro eats evaluated ind~ependently. In. Order to

d eIt arm-Ine the lea--st environmentally damaging flood protection

A-149



s~ystem, the pub~lic and decisionmakers must be aware of the
cumula-ti:ve impacts of interim Protection projects in conjunction
with permanent" protection alternatives. EPA believes the
evaluation and, choice of interim and permanent flood protection
should be mde. a%,t.the same time in a single comprehensive draft
ETs.

EPA: believes that severe enviro~nmental impacts would be
likely to occu= from conversion of a flood control only dry dam
to a multinurz:ose dam on thie American River. We remain very
concerned that the COE poetnot facilitate operation as or
constructýion of a inultinur~cse dam with-..'out exzlicit federal
envir3ran-.;tal review of thtproject. We seek~ legally binding
assurances in the EIS ana. Record of Decislon that the COE
considers conv'ersions and structural or oceraticnal modification
of the proposed flood control only dry da; to be major changes
which wo~i.d require Congressional authorization and an
environmental 4i=aCt S-ta4teent (E:IS).

The DEIS ifails to comply with INE-PA and CEQ's Re~ulations for
the Implementat-lon of NZPA because:

*it does niot. _týcorus explore and objectively evaluate
all alterniatives (4 0 C.FR section 1502. 14 (a) ) . F1or
instance, thke DEZýS p-rovides only at minimal analysis of 100-
year protection alternatives and non-st.ructural
alternat'ives. We remain concerned that National Economic
Development- (NED) Guidelines have driven the alternatives
analysis process in a manner which lim-ited full
considerat-ion of some potentially less environmentally
damaging alternat'ives.

" It- does noct. adequat-ely discuss compliance with
env Lroniezntal statutes, including the Clean Water Act and
the CleanrAi Act (40 CFR sections 1502.16, 1506.2(d) and
1508.8). F'or instance, the DE'_S does not demonstrate
com::)iance with the 404(b) (1) Guidelines or water quality
st~andards n--r air qua lity conformity pursuant to the clean
Air Act.-

*It does not adequately describe the full range of
potentilally significant environmental consecuences, often
for "easons of inc;-- Mlete data collection or inadequate
analysis (40 CFR sections 1502.16, 1502.22, 1508.7, and
1508.8). one area of inadequauy is the evaluation of the
environmenital con~sequences of" removing 6 million cubic yards
of ag';regmte material from gravel bars in the Middle Fork of
the American River; another is the evaluation of the impacts
of permanent Folsom Reservoir reoperation on water
management of the Cent-ral Valley Project.

* It does not- adeqcuately discuss the means to mitigate
adverse direct, indirect, and cumulative imnpacts (40 CF1%
150P8.20) . while the. DEI--S outlines possible mitigation for
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direct impacts, mitigation for indirect and cumulative0 impacts is not described. Furthermore, there is limited
information on the probability of mitigation implementation
and the responsible parties.

On the basis of these and other issues regarding NEPA compliance,
EPA believes the COE should revise the DEIS and reissue it in
draft form for public review. if the issues identified in our
comments are no- satisfactorily resolved prior to publication of
a final EIS, EPA will consider this project a candidate for
referral to the President's Council on Environmental Quality
(C"Q) in accordance with 40 CFR Part 1504.

We appreciate the opportunity to review this important
environmental document and are available to discuss these issues
with you further. If you have any questions or wish to meet with
us, please call Ms. Deanna Wieman, Director of the Office of
External Affairs (415) 744-1015, FTS 484-1015, or Dr. Jacqueline
Wyland, Chief of the Office cf Federal Activities (415) 744-1584,
FTS 484-1584.

Sincerely,

Daniel M. McGovern
Regional Administrator

Enclosure: (26 pages)

91-095
000631

cc: COE, Sacramento, Walter Yep
COE, San Francisco, Frank Dunn
OASA, Washington, D.C., Morgan Rees
BOR, Sacramento, Lawrence Hancock
DOI, San Francisco, Patricia Port
FWS, Sacrazento, Wayne White
NMFS, Santa Rosa, James Bybee
CEQ, Washington, D.C., Dinah Bear
DWR, Sacra.ento, David Kennedy
CA Reclamation Board, Wallace McCormack
CDFG, Region 2, Jim Messersmith
SWRCB, Sacramento, Donald Maughan
RWQCB, Region 5, William Crooks
ARB, Jim Bcyd
SACOG, James Williams
City of Sacramento, Mayor Anne Rudin

*SAFCA, Bill Edgar
HQ EPA: OFA, OWP
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POLICY AND PROCEDUR-S 1640
.. u/ .ij/84

$U1•fi. OF KATINC OEFImMO.4ON

AND FOLLOW-UP ACTI1OI'

,.Avironeenc/I ZIoAC of the Action

LO--Lack of Objections
The EPA review -aa mao Identified any potentia4l environmental tipacts

rcquirinq a substancve chtandes to the proposal. The revtew say have dlsclosed

opportunirtes for •ptari'Ceion of Uiti.;AtiOn VCA&urt5 Chat could be
miccouplishod wit'h no more then minor changes to Che proposal.

CC--Envtroneental e"oncert#
The £PA review has identified envLronmoeaotl impacts thai should be avoidad In

Order to fully protect the environment. Correc•ive *%&*ares may require

changes to the p-reierred alterna:tiv or applircaion of meLcoecloo aeasuruin
Chat can reduce c-* onvtrhcaOncal Impact. gIA would Ilke to work VLth L"

lead agency to reduce these LAPacara.

EO--Cavttonmenral 06b4ecrioas

The CrA review hoa idantlftwd signif•Lcnc euvironmental Impacts thac must be
avoided In order to provide adequate ?rscection for the onvtron..nt. Corrective

measures way require stubstantial harJes to the preferred altorns tiLe oa

comaLderation of soi ocher project alternative (including the no action

Alternative or & new alternaclve). EA intends to work with the lead

aetftc7 to reduc.s ahefe Lipacts*

CV-Environmants42.y TJns4eto factory,
The EPA reviaw has Ldenri.fied adverse environaental Izpac:s Citac sre of
suificient magn:c,,±e thatc they ore unsacisfacrory from the &candpoint of

pubLic health or w-vr.are or anvirone•eanl quality. EA Intends to weOk with

,the Lead ageney; to reduce these impacts. If the potential t•snfetaactaory

tepects arrp not corrected at the final C$S stage, this proposaL will be
recoccended for rofarral to the CEQ.

Adeauacv of the '=-ect Statrement

Caregary l--Adequ.&€
CPA bliLeve* the d-'.&ft CI$ adequatesT vecs fort~h Cho anvtron=-ental.Lazacte)
oi the preler-red alt.rnectre and those of the alcernateLvs reasonably *vail

eble to the *project or action. No further ar.alysal or data collection in

necessary. but theC rcriewor imsa suggest the addition of clarifying language or

Infor=ation.

Category 2-Insufflc-ieac Information
The draft 1•S deem %at contain suf.Iient infaormatton for EA to fully asessa
enviaronencal impacts that should be avoided in order LO fu.ly protect the

environment, or the !?A reviewer has Identified new re•sonably asvilable
alternatives that ore wiLhIn the spectrum oa alternacive. analyzed in ;he

draft EIS' which eo.ld reduce the environmeata&ILopoczs of the action. The

Identified additional Information, data. analyses, or diaciuselon should be
includeJ in the fiall Ec:S.

EPA does noc beLieve that the draft CIS adequtcly asseseeo potentially

signiticant envtroaaencsl Impacts of the acti••,t or the CPA reviwer hLas
dencltfied nev reas.onably availlable alternaLivethat ere outside of .. e

spectrum of. .'at ¢vesana;yted.-.n.he___ra .CZ, which should be ansilyted

"beLieves that the identilied additional infotmation, dare, analyses, or

diAcusio*nA at* of such a magnitude that. they aibuvld have full public review
at a draft stage. CPA d4ov nor, believe that the dtAfL C•I• s adequace •o" Che

purpose* of the N•iA and/or Section 309 rcview, and thus -should be formally

revised and oAde aw'allable for public commenc In a supplemental or revieed
draft CIS. On the ta'sis Of Cho potenti.l uignificant Impacts involved, this

proposal Could W A csAnddate for referral to the CZQ.

*From EPA Manual 16".O roicy and Procedures for the xcview of Federal Acclons

tlmPaCting the t-one.

0
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. gO"'LENTS
N4ATIONAt,,-ENVT?*,ZN'.EN-Tj\lr POLjICY ACT

A. Inadequate--Informat~.on

EPA believes the DEIS fails to fUlf±11 its purDose as
defined purs-uant to t'he National Environmental Policy Act (NEPA).
The DEIS does not adequately assess the poternt-ially significant
environmiental immpacts of the proposal.

Wolzom Raser-voir Reoperatiofl

It i.s our understanding that temnporary (10-year) F'olsom
Reservoir-reop : ration is being considered to ach-ieve 100-year
flood protectio-n during construction of the selected alternative.
The COE has stated that information on potential- Impacts of
temporar~y reol~eration, adequate to fulfill NEPA rceoui-rementst
will not be av_-ailable until 1992. Loglically, temnporary
reoperation &!-ternatives and their inpacts are like-ly to be very
similar to permctnent reoneration alternatives. Therefore, we
question that thie current_ EIS contains adequate 4nf or-mation on
per-manent Folsom Reservoir- reoperation when the COE has not
completed its a~nalysis of impacts for a "short" 10-year
reopcration. peri-od.

We believe that interim flood protection impacts may combine
additively and,/or synergistically with the permanent project.-
impacts. III order to select the least. environmentally damaging
flood protection- system, the public and decisionimakers must be
aware of the cumulative impacts of both interim and permianent
protection alternatives. Therefore, the iMpactS of temporary and
permanent recneration should be fully evaluated and di'sclosed in
the present DE-:S.

For ex:-n=1le, the DEIS indiccates significant impacts to
fisheries (5-4C% annual loss) caused by permanent Folsom
Rese~rvoir reoceration. While the D1E.IS does not ext-rapolate to
estima~te total cumulative impacts, this value seems likely to
approach 100 percent fisheries loss over the life of the project.
If 5-40% annual loss also would occur with temporary Folsom
Reservoir reopera tion, an upstream dry dam alternative preceded
by temporary (IO-year) Folsom Reservoir reoperati4on would result
in severe fisheries losses combined with permanent losses tQ

,ba RvrCnos. on the other hand,
implementation of other combinationls Ftipayand permanent
protection alt-,ernatives may provide adequate long-term flood
protection wit>n fewer, less severe cumulative impacts to the
environment.
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While congress directed the COE to evaluate the feasibility
of Folsom Reservoir reoperation for interim flood protection, EPA
is concerned that Folsom Reservoir reoneration not be considered
the sole alternative for interim flood protection. EPA
encourages the COE to expand the scope of analysis to include
other potential alternatives for interim flood protection and to
evaluate these alternatives in combination with permanent flood
protection measur--es to determine the least environmentally
damaging flood protection system. It is most im.ortant that the
analysis of cu.:.ulative impacts of combinations of temporary and
permanent flood protection options be disclosed and compared in
one document so that the COE and Congress may make a well-
informed decision.

Borrow Area/Agaregate Mining

The COE proposes to mine approxinately-6 million cuoJc yards
of aggregate mazerial for dam construction. The DEIS indicates
this material would be extracted from gravel bars located along
the Middle Fork of the American River between Murderers Bar and
Cherokee Bars (DEIS pg. 4-14, 6-14; Appendix G p-. G-4). Up to
38,400 tons of sediment could be generated over 3 years and areas
of the stream bottom could be dredged to significant depths (DEIS
pg. 6-14). The potential number of gravel bars needed to fulfill
the aggregate requirement, the processing and production site(s),
the mode(s) of transporting the aggregate, and the potential
impacts to water quality, air quality, and fish a:nd wildlife have
not been analyzed or disclosed to assess the feasibility of the
proposed alternative. Furthermore, alternative sources have not
been identified.

EPA understands the COE is currently studying these factors.
We believe this information is essential for determining the
overall environm.ental impacts of the proposed project and for
selecting the least environmentally damaging practicable
alternative. We remain very concerned with the potential
physical alterations, water quality, wetland, and air quality

.r•c+ cannec eA wl.'- the prc-cssf =.--rea•t_ minino operations.
The infor-mation the COE is gathering should be incorporated into
the revised draft EIS.

Disparities Between U.S Fish and Wildlife Service and Corps of
Engineers Environmental Impact Analyses

It is our understanding that there are still major
disagreements between the COE and US Fish and Wildlife Service
(USFWS) in regards to upper American River inundation impacts
(DEIS pgs. 8-31 to 8-48; Main Report pg. X-2 Table X-l) and no
action (without project) conditions on the lower Anierican River
(DEIS pg. 8-23). We believe it is critical that there be

2
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* agreement on t~he extent of impacts in order for decisionnakers
and the public to make deC4siollS based on an understanding of
environmental con~sequences, and to take actions that protectj
restore, and enhance the environment-. Should th1-e COE and USF'WS
continue to disagree regarding the level of impact and quant4t
of mitigation required, th1e revised DEEIS should provide an
expl:anation in th~e text and a table clearly illustrating the
differences in the avencies' assumptions and nu7,erical
conclusions.

other Areas of Inadsquacy

The items listed below have eithter not been analyzed, cOmpleted
or irncluded in detail in th.-e DEIS.

a.. Fish, widifand vegetation inmpact. analyses for the 100-
year ( )leve~e and 100-year (FXA 1evee/sto1-crage alternatives
(DE-S pg. 8-677).
b. Potent-ia impacts o-f a numer- off ffeatures of the preferred
atlterliative (addit-ional NZM.'DC c!'an:el, ramping ofcertain levees)

(DSpg. 8-24) and of the 150-'year alternative (b~ridge
re-lacenents, r-eloca-ion o-f Western Pacific Railroad) (DEIS
pg. 8-50).
4r.. Potential impact'-s of flood events under "without projector
conditions. Z-2-A b elie v es more quantitative estimates of these
inmpancts are necessary for comparison purposes.

* d. Potential. iripactls of levee const-ruction on endangered
spec~ies (DEIS ng. 9-5).
C. Highway 49 relocation alternatives analysis. Tie
alternatives a~nalysis has L-een inappropriately deferred to
CALTRIANS and local sponsors (DEIS pg. 8-25).
f. U.S. Fish and Wildlife Service Coordination Act Report (DEIS
pg. 8-47). TI-e DEIS only incliudes a summary of the draft
Coord-ination AtReport.
9# Final Mitiation Plans (DEIS pg. B-39).
h. Histýoric site survey (DEIS"pg. 10-7).

Highway 49 Relo-C~ation

As noted eatrlier, we are concerned that the impacts of
Highway 49 -alocatICion have niot been analyzed and disclosed as is
annr o'zriate if r-elocatlon Is a conseauenCe off the selected flood
protection svste.' m. iff the COS has determined that their federal
action will no04 necessitate -relocation and that they will neither
fund nor faCi1 4ý-te relocation, this conclusion should be in the
revised DEIS t= close out this issue.

0 3
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. purnose and Need

The COE states that its objective is a project that, neither
advances nor impedes future options for developing~ water and
power fdailities; on the American River (Main Renort Summary pg.
8). We comrmenc the COE for eliminating "advance features" for
penstocks, fior example, wchwould have facilitated hydropower
generati;.on a!:sent. an evaluation of alternatives for power
generat ion.

However, EPA remains concerned that thae construction of any
da-m at, the proposed site is likely to infi_1,ucance the selection of.
this site for a hydropower and water suznlv f a cJIlity (comm~ent
sent to COE ain HQ E,.PA/OFA letter dated December 21, 1990).
Although all of the dam's current features are nec-essary for
flood protection, it appears th2lat t~he dam could b~e used for water
storave wit'., no major mod if icat ions. in addit-40n, details of the
dama design rez~ain some feat-u~rs cornipatib2.e with detention but
support~ive of enhancements f~or conversion to sttorage use.

Furthermoze, the COE demonst-r-ates in their argument in favor
of dan site Mile_ 20.1 (BOR Auburn Dan. site) that previous dam

1or~to faci litate s additional c-on stru etioin since
environmental impacts would be mini-mal at sitl.es already greatly
impacted by previous construction (Appendix G, pg. G-6). Othe~r
statements in t~he DEIS lend additional credence to the predict ic n
that the detention dam. may lead to expansion. For- instance, the
DEIS sta-tes. that* ort: of the advantages of using roller-compacted
concrat6'and the dairn site at Mile 20.2. is that th~ey lend
themselves to expansion of the dam (Appendix M,
pgs. G-16, -).For all of these reasons, it therefore appears
reasonab.le to .p-redict th-at. th-e etnondam may lead to future
proposals for expansion.

EPA believes that subst-antial adverse environmental impacts
would occur frmconversion of a- flood control only dry da~m to a
multipurpose ca-m. We rermain very concerned that everything
possible be dcone to assure that the COE' proJect not facilitate

co~~~:r.CIO a =11 tIp eda with4t expl Jicit fede-ral
ellViror'.enta. _rtview of thatU project. For example, existing COE
recul ations al~ow th CEtoad atr U ]ýroj c 4

purpo~se-wtho~ut the of C nalS i ~difications would
r~r~nj~strct~Lssor9prý,at I ra na chancresit

(E-R ii052100, 2SDecember 1990, Seto s--- osauthorZi zat ion
Char&~Ta. Water Supply (1) Lea is 3iitiWut tyr, pg. 2-44).

Therefore, we request legally binding, assurrances in the EIS and
Record of Decision that the COE considers conversions and

strctualor o~erational mcdif-ication of the flood' control only
dry dam to be =a or changes which would require Cc-4aressicnal

uhrization and an environmental impact statement (EIS) .

4
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Aj ternat,1,-rPsi Analvgl,

PlanninS object.ives as specified by Congress (Public Law 87-
8-74, October 23, 1962; Public Law 100-202, December 22, 1987;
Y.a in Revort pgs. -1-4 and 1-5) include the enhancement of
incidental water supply and hydropower in Folsom, Reservoir and
development c:4 the National Economic DevelopmentC (NED) plan
(ZEconomic and. Eýnvircnmental PrInciples and Guidelines for Water
and Related Land Resources Implemenltationl Studies, March 10, 1983
pursuant to Sec~tion 103 of the Water Resources Planning Act, as
a-,ended; Main Report pg. IV-l). We understand these are
aut-horized objetis N-er-les we are c-ncerned that thiese

objectives may have unnec;essarily li~mited the scope of flood
control measures considered acceptable and feasible, especially
if these measures are evaluated solely against t~he NED criteria
of com~pleteness, effectiveness, efficilency and acceptability
(MaiJ.n Report pg. -V-2). -we aclknowl edge that the COE analyzed
reasures and alt-ernatives which do not- meet all the planning
cbje-tives or NECiz criteria. Yet, thte cluestionl still renLains a'-,
to whlether sone: floodl control measures (feat1_uires__hJahi` eeue
to create alternatives, ch srfillevees and -f~~~-ooiq,
were unnecessarily and t~herefore inappopriately eliminatedfrom
csta.4.2ed cons iderati4.on. -fo)

The COE has not" persuasively demonstCrated that eliminated
flood control ri-easures (1Main Report C~haipter IV) are not
practicable or reasi!,le. Rejected flood control measures, while

Vthey may not ina"Ividually provide full FZHA level olf flood

protkection, may be used in combination with other measures to
provide the nec-essary flood protection with fewer environ-mental
im~pac-ts than tne propo sed project. !For exaniple, the DEIS does
not. describhe the extent to which fl~ood proofing a*-d ot%,h er
nonstru,.ctural m~easures (Main Report pgs. IV-7 and 8) could be
used in combination with other measures or alternatives to reduce
the_ flood r1isk ti-o e%4s-ing and future developments. I The twenty-
seven alentvSinitially screened focused on combinations of
levees, dams, modified Folsomi Reservoir storage, and modified
Folsom Dam spil-11wav measures and dif-ferent levels of flood
protection. Many measures mnentioned earlier in the docu:1ent
(e.g. , ýaisi.nq Folscm Dam) were elimi1nated from cons-ideratlon
prior t o tile alternatives analysis process. Many of these
measures have been discounted as ecconoically inf&easible o-r
envircment~alJ-' damaging wit.4-h little supporting data. The
revised DEIS needs to provide adequate data to subs-tantiate these
conclusions and-/or to furt4-her explore these options. Levels of
protection, costs and impacts of flood cont-rol measures which
were dronned n~eed to be provided.

!It- is our under-standing that State and local sconsors have
requested a minim-,um 200-yea-r level of flood protection because of
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urban i zati.--on already within and beyond the 100-year flood plain
and expected growth in the Sacramento area. We hope the COE will
continue to work with project sponsors to evaluate mechanisms
beyond levee and dam cons truct ion available to State and local
Eponsors to provide 100-yea-r or greater levels of flood
protection. These actions should be described in the revised
D21.I" in accorda-nce with the provisions of the NS_1PA regulations to
consider alternatiLves beyond tftose for which the Federal sponsor
has direct- authority (40 CFR Section 1502.14(c) ) and to ensure
compliartce wi-th, the 404(b) (1) Guidelines. we believe this
approach i.s further sup ported by Executive Ord~er 11958 on, Flood

pb Mnagemen'= and ExecqtJy~e_0r!er_1!990 for Prote__Ctiono0f_
~etanswhich exhort Federal agnistpdieleadership and

take act-ion toc restore and preserve the natural and beneficial
values served 1by flood plains and to consider alternatives to
avoid adverse effrects and incompatible development in flood
plains a.-d wetlands.

We are- con-cerned that the COE: appears to have made multiple
conservative assumptions which collectieyeimnt l
alternatives avail1able for 2 00-year protection e;.cecot for
detention dams. We therefore urge the COE to reevaluate those

ess&ptorns (e. g. , COE vs; FEMA flood level calculation 
methods,

Ccapacity of available upstream storage, 
operation of Folsom

Reservoir, chan-Inel geometry) in light of the basic project
purpose oft flood protection.

The DEIS states that there are potential impac'ts to wetlands
and fisheries from, permanent reoperation of Folsom, Reservoir as
proposed in the 100-year storage, 100-year levee/storage, and
150-year levee/ storage alternatives. We recommend the COE
evaluate, as part of the alternatives analysis, alternative
reoperation sch'-emes which may minimize potential downstream
impacits (e.g. , different operational assumptions, full use of
reservoir space for flood control, use of dead storage space,
reservation of a block of water.-for fish and habit-_At uses,
seasonal releases, different* riprap/levee alternatives). NEPA
requires the B:S to rigorously explore and objectively evaluate
all reas .a'b-e a.trtieincludinc hos reasonable
alternatives not within the jurisdiction of the lead agency
(Section 1502 .14 (a) and (c) ) , [he lack of COE jur,-isdiction over

theoeratonofFol.som Reservo Ir does not obviate analysis of a

full range of recoeration alternatives~

it is our understanding that the proposed upstream dry darn
may be operatetý in tandem with Folsomn Dam with many potential
operational schem~es available (Appendix L) . The D~is should
state whe-ther t1he COE examined different tandem operation
scenarios and rlhat the potential cumulative environmental impacts
of these would b-e. We note that operation of Folsom Dam for

6
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flocod contro.ý is alreauy difficult and imprecise (DEIS pq. 3-12).
We request that the revised DEis clearly demonstrate that tandem
oper'ation off thne two dams would not in fact exacerbate an already
complicated flood control system and not worsen water quality in
the American River, Sacramento River and San Francisclo Bay/Delta.

D. E~nviron--e'ntal Cons equences (0enerml)

sJ The D=:3 does not adequately assess the potentially
signifi~cant environnental impacts of the proposal.' Furthermore,
th~ere is inad-crua te information in the DEIS to detarmilne which-
alter-native may be the least%. enl/ironment ally damaging practicable
alternative whlic~h fulfills the project purpose of flood control
as necessaryv to demonstrate compliance with the 404(b) (1)
Guidelines. We note that the 100-year prot.ection alternatives do
not appear toý -'e evalua ted as thoroughly as the tent.atively
select.ed plan (e.g.,I DEIS pg. 8-67).

E. Cumula~tiv-1eTIDMoctS Ana!vsiS (General)

The COZ- hnAs held land use forecasts at year 2010 gzrowth
projections ov:er the 100-year life of the project_. The reason
given is the-A tzncertainty of long-term. socioeconomic fo0recasting
(DEIS pg. 4-1). In the ctzse of incomplete or unavailable
information, NZIA requires federal agencies to ut-ilize the rule

* of reason and to disclose the fact of incomplete or unavailable
information when evaluating r-easonAb2.v fore-se-eab-Ie significant
adverse imnacz-s on the hum~an env~i~ronmeiit~--anna-i obtain that
information if the overall costs of. doing so are not exorbitant%
(40 CFIR Part- _1502.22). We note that the DEIS describes
develop~ment in Sout%,,h Sutter County, not included in the land use
forecasts, which pzroject-s conversicn of 17,000 acres in north
Natlomzas to residential in the next 50-60 years (DEIS pg. 18-2).
Alt-hough we concur that it- is dif-ficult to ascertain future land
use changes o-ver 100 years, we believe it is reasonable'to assume
that some grow-th will continue beyond 2010 or the period covered
by current l.ocal land use plans. The COE must consider the
reasonakily foýcraseeabl-e future events antI"Ccipat-ed to occur between
years 20 an~d l0consistent wihthe roetlizoe cf 1.00 vea~rs.

F. miiai~on

We are pleased that the COE is comr-nitted to full mitigation
for direct i pacts of the selecte alentv . owever, we are
very concerned that the COE does not plan to muit.igate for
indirect impact-s. The DEIS does not appear consistent in this
resnect with. th.*-e February 7, 1990 guidance provided by General
Hiatch in his tr-ansmittal of the E:PA./COE MOA on Mitigation to COE
offices. That" MOA does not distinguish between direct and
indi-rect Jimpa,!-s. Although we understand that mitigation for

7
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direct impacts only is a COE policy, we request the COE address
the derivation ot this policy and whether it is consistent with
the understanding reached between HQ EPA and the COE during the
CEQ referral of COE NEPA Regulations.

State and local responsibility for indirect impact
m~tigation does not obviate the necessity for the COE's DEIS to
fully disclose mitigation measures for indirect and cumulative
impacts and evaluate the feasibility of their implementation,
even if they are outside the jurisdiction of the COE (40 CFR
Sections 1502.14(f), 1502.16(h), 1508.8, and 1508.20; March 16
1981 C0 Memo-andum - Questions and Answers About the NEPA
Regulations, Question 19 Mitigation Measures). Therefore,
mitigation plans should be described in the revised DEIS.

We believe up-front mitigation for cumulative impacts or
establishment and contributions to development of a mitigation
bank, would provide effective and flexible means to compensate
for specific resources likely to be degraded or destroyed by the
project.

WATER RESOURCES

A. Section 404 of the Clean Water Act

Compliance with Section 404

The DEIS states that the proposed project is only in partial
compliance with the CWA, and seeks an exemption through Section
404(r) from further regulation by Federal or State water quality
agencies (DEIS pg. 23-2). For the reasons discussed below, EPA
does not believe that the COE has demonstrated compliance with
the Clean Water Act (CWA) under Sections 230.10(a-d) and
230.12(a) (3) of- the 404(b) (1) Guidelines. Due to the
potentially significant impacts to the aquatic environment, EPA
believes Congress should not exempt the proposed project from
compliance with the regulations u:nder Section 404(r) of the CWA.

404(r) Exemption

The COE has stated they will seek a 404(r) exemption from
Conc-ress. To comply with 404(r) exemption requirements, the COE
must fully consider the 404(b) (1) Guidelines in their EIS. EPA
is obligated to comment on whether the proposal is in compliance
with these Guidelines. Because of the lack of adequate
information in the DEIS, EPA is unable to make a positive
determination of compliance. Council on Environmental Quality
(CEQ) guidance directs that EPA's position regarding compliance
with the 404(b) (1) Guidelines be documented in the FEIS cover
sheet and summary and attached in full to the body of the FEIS

aB
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* submitted to Congress (CEQ Memorandum for Hieads of Agencies,
Guidance on APp=lying 404 (r) , Noveriber 2.7, 1980)

Project Purpose

As stated in the DEIS, the pur-pose of the proposed project
is to:

1) provid greater levels of flood protection for the
Sacrane--o urban area; 2) enhance recreation

o~orun:iesin the study area incid~ental to the flood
control cb-ective; 3) if' possible, enhance wat-er supply
and hydropower opportunities at, Folsom Dar" and
Reservoir-- and evaluate such opportunities elsewhere in
the watershed incidental to the flood control
objecti;,,e; and 4) develop the select-ed plan in,
accordanice with the Federal objective of water and
rel-ated land resources planning, which includes
feat1ur.es to con1tr,1bute to the national eco.o-cml
devel opmean.t cons is tent wi th protecting the Nat ion Is
envlronmnent (14-ain Report, pgs. V11-1. and 2).

EPA believes that the basic project purpose is flood
Protection for th~e Sacramento area. As we have stated
previously, if the pri~mary project purpose included water supply

* and hydropower, the scope of this EIS would have to be expanded
to evaluate the impacts of alternative means of achieving those
purposes. Seacondarv benefit-s of th~e project (i.e., recreat-ion,
enhanced water supply and hydropower) therefore should not be
ut.iliZedl in thne selection of alternatives for thle proposed
projecc- in a way which limits thie range of alternatives or
eliminates con-sideration of practicable alternatives which still
achieve the basic project purpose. l~equiring that all secondary
benefits be achi-eved by every alternative would art-ificially
reduce the num:.!_er of alternaltives . The 404(b) (1) Guidelines and
NEPA alternatives analysis are designed to give full.
cons!.Aeration to all practicableý alternatives that could reduce
environmental Lnpacts and meet the b-asic obJectives for which a
pr.:oject. was contemplalted. In this case, that stated object-ive is

1It appear:s that the proposed project incorporates benefits
from future development (locational benefits) (Ma.in Report, pg.
V-14), It is our underst"_anding that- locational benefits are
L-eneflts receiv,,ed from. the abil-ity. to change land uses (e.g.,
agriculture to residential developiment) as a resul1t of the
Proposed project. We urge the COE to exclude fut~ure development
benefits from the project benefit analysis because their
inclusion expatnds the project purpcse from one o-f flood
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pro'ection of e'cist-ing property to one of rioCed protection plus

facilitation of future development .

Alternatives Analysis and P-racticability

It appears that t~he plan select-ion and alternatives analysis
was performecl -Iuasuant to the Ec onom ic and Environmental
Pri.nciples arnd Guidleline--, for Water and Related L1and Resour-ces
Impementat~icn Studies (.National- Ecconoimic Developmnent (NED)
Guidel-ines) pr2.or to analysis pursuant to thle Clean- Water Act
Section 404(b) () Guidelines. Alth.ough EPA rerains concerned
w-,th- th-e s ecr en a I relationship of thie NED plan selection and
compliance wit-h th*,e 404Vb) (1) Guidelines, the DSretains an
adeqtuata range of flood protecti"on levels (100-year to 400-year)
for det-alled evaluation. hloweve'r-, as stated above, EPA believes
the CoZ may hnave inappropriately limited the flood cont-rol
measures and nu:-lbe~r of feasible alternatives ret-ained for further
study. ,,easu::9s which may be less -damnagingr but whichf may satisfy
the basic Prot-,ect purpocse have Lee- droDted witho1ut. adequate

infomaton or ~e pbli ordec' sion-makers to de-ar-ine whether
these measures ar.e Practicable under Section 404.

The DEIS describes Sacramento as one of trhe few cities in
the country wh'-ere the need fcr a high level of flood protection
is cominellina due to the extensive residential development in the
flocaplain. Although the Cc-- provides some evidence of
communities with-'* greater than 100-year protection, it is unclear
whether such hi-her protection is becoming standard practice
vunder COE policy- We note by corntiast. that the County of
Sacramento- is proposing flood protection i.n the Northa Nal tonas
area (Corps PulcNotice 9000479) for a 100-year stornl& event.
The CO'E shoul-d provide ffurt~herz data to document the need for the
proposed high-. level of iflood p-rotection, as compared with Most,
communities havincr the FEM4A 100-year7 level of flood protection.

EPA supports public 'h~ealth and safety and acknowledges the
need for local su*rzcrt%- of the selected flood protection
alternative. I~vrhlsin the case of a prolecot requiring a
Sect-ion 404T perm."I t, a permit can on.ly be issued fEor the least-
damaging practicalble alternative whi.-ch prov ides a reasonable
level of flood` protection. The CC--: should docurient whether there
are less envioenal da~maging flood protection alternatives,
even tChough t mynay not be supported by the local sponsor or
sat-is-fy NED re-quirement-s.

Pecific CoL t

1. Down~stream flood control measures. are not co-sidered
Practicable s--nce nocminto of these measur-es would achieve
the mini-mum level of protectiJon which*, the state and local

10
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0 sponsors established as the appropriate flood control planning
parameter for this project (Appendix G pg. G-22). As stated
earlier, the lack of local support is not sufficient rationale
for a finding that specific measures are not practicable for
providing flood protection pursuant to the Guidelines.

2. The elimination of alternatives which raise Folsom Dam is
not well justified (Main Report pg. IV-5). The revised DEIS
should include a more thorough discussion of the costs, impacts
and level of additional flood protection provided by raised
Folsom Dam alternatives and demonstrate the non-practicability of
these altarnatives.

3. Cross levees and cross canals are Natomas area flood control
measures drocrped from further consideration. These measures were
rejected based upon potential severe construction impacts caused
by a new levee versus spot improvements (Appendix G pg. G-29).
There is inadequate information in support of these conclusions.
The DEIS should provide information on costs and environmental
impacts. in addition, should cross levees result in increased
localized flooding, the DEIS should describe potential measures
which may be available to alleviate these impacts (i.e.,
pumping).

4. The DEIS eliminates the use of flood easements in favor of
lengthening Fremont Weir (Appendix G pg. G-29). Flood easements
are described as less da~maging but not practicable since the
affected landowners are opposed to this approach and unwilling to
accept a non-structural solution. Lack of local support is not
sufficient justification for dropping the non-structural
altea-native from analysis pursuant to the Guidelines or NEPA.
Use of other solutions should be addressed.

5. The revised DEIS should address whether potential dam sites
at miles 19.0 and 19.2 were rejected based upon potential
interference with future hydropower operation during a flood
event. Appendix M (pgs. 5-35 and 5-36) states that power plants
at a future dam at the mile 19.0 or 19.2 dam sites could be
inundted by tz2.som Lake during a flood. Consideration of
inundation of future power plants is not consistent with the
proposa] of a flood control only facility.

Cost/Benefit Analysis

An alternative which may be more costly than another
alternative but which is still cost effective is considered
practicable under the 404(b) (1) Guidelines. Although the NED
plan may have the greatest net benefit, all the other
alternatives have positive benefit/cost ratios.
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The costs of the proposed project are unclear. The 0
Executive Su%-_mary states that costs for several features of the
Tentatively Selected Plan are not part of the estimates for
comparisons with ,the other alternatives (Pg. 10). These costs
and the reason for their exclusion should be fully disclosed in
the revised DZ-S. Table I should also be corrected to reflect
actual costs. The benefit/cost should be provided in text and
tabular form fcr each alternative evaluated.

The DEIS should clearly describe whether the benefit/cost
analysis was based on existing conditions or build-out (DEIS pg.
4-2). The i:c'usion of benefits for future development is not
justified unless future development is evaluated in the impact
analyses. Indicate whether annual costs are incorporated into
the cost/benefit ratio (Executive Summary pg. 12, Table II).
Costs and benefits of recreation components should be evaluated
separately fro: the project as they are not part of the overall
basic project purpose of flood protection.

The env1:rn:.ental mitigation costs do not include land costs
(Executive Su-_mary pg !2, Table Il; Appendix C-3, Table 11-1).
All costs associated with the project must be included to
determine the practicability of the project. The cost of
mitigation may represent a significant cost or risk in the
selection of a Practicable alternative so as to -.ake that
alternative less desirable or practicable.

Water Quality and Endangered Species

To comply with the 404 (b) (1) Guidelines, the proposed
project must not violate water quality standards, toxic effluent
standards, or jeopardize the continued existence of federally
listed species or their critical habitat (40 CFR 230.10(b)). As
discussed below under water quality standards, EPA is concerned
with the potential impacts of temporary or permanent reoperation
of Folsom Reservoir on operation of other Central Valley
reservoirs and on compliance with water quality standards and
protection of beneficial uses of the Sacramento River system,
includin, the l-erican River.

The proposed project may result in adverse impacts to
federally listed species. Levee work within Natomas and a
reduction in A;erican River flows (Appendix G pg. G-20) way
result in losses of elderberry plants, and may therefore
adversely affect the federally listed valley elderberry longhorn
beetle. Federal candidate\State listed giant garter snake and
State listed Swainson's hawk may also be severely affected by the
proposed project and induced growth within the Natomas area.
Close coordination with the US Fish and Wildlife Service and
California Depart-ment of Fish and Game should continue to ensure

12
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*that the cont-inued existence of the valley elderberry longhorn
beetle is not jeopardized by the project and to avoid impacts to
sensitive species.

significant flegradation

The DEIS does not adequately identify the acreage of direct
and indirect inipacts to waters or th,,e United States, including
wetlands, for the proposed alternatives. New features have been
added to the tenrtat~ively selected plan which may increase the
previously determined acreage (DEIS pg. B-24). Furthermore, the
100-year (~ l evee and 100-year st-orage/.evee alternatives
have not been fully documented and evaluated for potential
im~pact:-s and mitigation (DEIS pg. B-67). The COE should provide a
table which clearly states ac-reage of waters of the United States
by type and th7e direct and indirect impact, for the existing
condition, no action, and alt-ernati"ves.

The DEIS does not fully identif4-y jurisdict-ionall wetlands
wit-hin the prot:ect- area. Lack of on-site verification may result
in 0oiicto of uri1sdictional acreage for the Natomas area
(DE~s pg. a-131 . Furthermore, wet!land acreage in agricultural
production should be included within the Jurisdictional
determination i.f it. could be affected by the Proposed proj ect.
These agricultural wet-land areas may not qualify under the

*agricultural 40142(f) exemption or the Prior Converted Regulatory
Guidance letter. If this is the case, these areas may be
considered wettlands subject to Secticri 404 and Inay require a 404
pernmItC for fill activities.

The wetl.Iands delineation for the lower American River
focused on wetlands alb-ove the average high water line from Goethe
Park to the confluence of the American and Sacranento Rivers
(DEIS pg. 8-1.5) . The revised DEIS should clearly demonst'rate
that there are no impact's (direct or indirect) to wetlands or
waters of the t~nited States anticipated below the high water line
or upstreamn of Goethe Park, These areas should be included
witinthe wet-land delineation if thiey will be aff~ected by the

The DETS states thlat ident'-ification of jurisdictional
wetlan~ds for- tthe Upper Arierican River focused on the inundation
zorne created by the 200-year alternat'ive (DEIS pg. 8-17). It is
unclear if the cont'ractor was unabble to or chose not to identify
wetlands above the high water mark. We understand that the
jurisdiction of- tributaries has not been completed because of the
difficult access to these areas. The revised DEIS should contain
a final jurisdictCional determination including all wetlands and
waters of the U~nited States within the project area for the
various altor'natives.

* 13
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The DEIS st-ates tChat dam cons truction and gravel excavation
are unlikely to impact wetlands un"-der 404r Jurisdiction (Appendix
G pg. G-13). i.- part because of the lack of hydz±c: soils in the
gravel bars. Lack of hyd-ric soils within the stream is not,
MAtypical for riV*er Bystems and does not necessarily remove the
area fromn 404 Jurisdiction. The area may qualify as a problem
area wet-land, -requiring other facto-rs; be uti U z4-ed" in their
4identif ication. Furthermocre, even if the area is not defined as
wetlands, tihi area nay be regulated as watars fof the United
States. All ac=.4vrties associated with t~he p~rote-ct, including
temporary haul roads and construction staging operations, should
be included in. t'he evaluatilon for impamctIs to wat.ers of the United
Stateas .

The COE analysis olf fishery inmpacts caused by temporary
Folsorn Reservc-irr reoperation scenarios result i~n a range off 4.3-
3i%- mortality for the 590,000 acre-fo0ot tenporary reoperatior.
al1ternative (DETS pg. 6-65). Details of the arnaJysis should be
mrovided in thle -revised DEIS. Fishe~ry impact values difr.fer
between the us-Fw'S and CQE analyses. The revised DEIS should
explain the diffferenc-e and clearly state the assunntions used in
the analy/sis of Folscm Reservoir reoperation impact-s. indicate
whether -the use of upr~er reservoirs and regulat-ion of Folsomn
Reservoir for flood corntrol and aauatic resources were considered
as assumptions of this alternative. We understand that fish
losses represent an annual 1055. The reviA*sed document should
est~imate the exrpectec cumulative fisheries loss over the life of
the project.

Snecific Cornr,2nts

1. During floods and/or high flow events, clhanlnel and slope
erosion is expected to occur (Appendix G pg. G-9) . The DEIS
states however, that thlere are insufficient data to predict
increases or- decreases in sediment load attributable to. operation
of the flood control darn. NBPA- requires federal agencies to
utilize the rul.e of reason and to disclose the fact of incomplete
o= unava'ilable information when evaluating reasonably foreseeable

sicnficnt a~.'rseinpaz:ts on the human envircnneznt, and to
obitain that i.-formation if the overall costs of doing so are not

exorbitant ("go CFR Part 1502.22). The potential loss of
riparian, wet-land and aquatic habitat caused by increased erosion
and dearadation of the upper and lower river chan~nels should be
fully1 evaluate.-_,

2. Although t~he dam, construction may not -resul~t in a permanent
decrease in th-.e diversity of plant and animal species within the
upper America" River Canyon (Appendix G pg. G-11) , associated
Periodic inundantion may affect the diversity in t:,is area and
should be noted: and evaluated in the revised DEIS.

14
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O ~3. The proposed upstream dam may obstructwlliemven

wi.thin the riparnan/stream corridor. These potential impacts
should be addressed in the revised DEIS.

4. The DEI'S appears inconsistent in its statements regarding.
seaiment deposition behind the upstream dam. Appendix L (pg. L-
10) states that adn estimated 26,000 acre-feet of sediment over
t-he next 100 years may be deposited in the lower reaches of the
unstream rese-rvoir_?- near t~he new dam. This appears to be in
con~flict. with11 the statement in the DEIS (pa. . 2-4 ) w~hich. states
t~hat only srmall a'..ou nt s of sediment would be expected to reach
the facility. The revised DEIS should addIress th-4s
inconsistenc~y. The DEIS also states that the area behind the darn
wouldilook rmuc:h. as it does today (Mlain Report pg. VII-1) . I t is
not clear wheth'er this would be the case. Even if deposition of

maeralwas bealow the new urostrea~m dar.n,, impacts to the aquatic
environment and transport of silts tCo Folsom. Lake seem lI;kely.

Mitigat~ion

There is ina~dequate information on proposed mitiigation for
BPA to be assured of full compensatlIon for losses of acres,
values and functions of 6h qai environment. MitiAtio for
the proposed project has not been finalized and Is proposed to be
incl.uded in t Final EIS/EIR (DEIS pg. 8-39). We believe this

*infformation is sufficiently important to require its publication
in the revised DEIS. Further-more, there is signif'icant
disagre*-meent b:etween the USFWS and COS in regards to the ext e nt
of impacts. It is therefore difficult to deter~mine the amount
and. type of riti-gation requiired.

The proposed mi-itigation for temmporary upstream inundation
impact%'s of the2 preferred alt%*ernative Is up-fron't habitat
management of 2.400 acres plus a post-flood remediation program to
replace losses which may occur in excess of the up-front
mitigation (D2'.S pg. 8-45) . Periodic reestablishnment of
vegýetation in the habitat mitigation areas will be provided for
in the Operaticon and Maintenance Manual for the proposed project
(Main Report ==. VII-l4). EPA is concerned thatC thj-Ais mitigation
may not be adequate since it may not fully compensate for losses
of acres, vaue and funct'ions. In addition, mitigation which
nust. be continuously replaced or maintained over time is not
considered by EAsucc.essful or adeauate mitigation.

B. water Quality

Water Quality Standards

The DEIS does not- address water quality impacts to the
Sacramnt R.v e-r system which may resuýlt from terp:orary or
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Permanent _r e, .:,e ration of rolsom Reservoir'-. Potential changes to
t6he timing, quantity, and temperatures of in-stream flows could
result in water quality impacts in this system,. in discussing
the environ~mental1 impacts of several project alternatives, the
Main Report, states that reoperation of Folsom R93ervoir would
require reoperation of other reservoirs in the central Valley
Project (CVP) and state water Project (SW?) to meet other system
demands, which in turn could affect, water temperature in th~e
Sacramento River system and. adversely affect its anadromocus
fishery (Pg. T.-45 Ths sataemernt is repeated in the document
butl never exrand ed upon. Furthermo~re, Table V1 of the Main
Renort, contains a qualitat~ive rati~ng of relative environmental

impctsof the various alternatives; however, losses to salmon
dua to elevat-ed water temperatures are not explained. These
salmon may include species that are protected under the
Endangered Species Act..

The DEIS does not explain what operational changes at other
facilities in the Centtral Valley may contribute to the above
adverse impacts. As a federal agency responsib-le under thea clean
Water Act CW)fo~r fully protecting beneficial -uses, ,t:'e COE
must demon st~rat * that it has considered uonstr~uct-ion and
co~eration a1t-anatives that do not increase watar tamnoeratures or
adversely affect the anadromous fishery in apparent vi1olation of
the CWA. Th"e COE should evaluate all alternati-vaz or mitigation
providing full protectilon for beneficial uses and not merely0
describe the extent of non-compliance with C31A responsibilit".ies.

We urge ths COE to evaluate the effect of te.M~or-arv and
permanent Folsom Reservoir- reoueration on the operations of other
Central Valley fac-1l1-ties and on the ability of the Bureau of
Reclamation (2CORi and COE to meet current and re-aso~nably
foreseeable future water aualitv stantlards for the American and
Sacramento RiLvers. This evaluation should explain what
operat.i~ona2.rue were used in optimizing operati.-on of the
various facilities for power generation, water supply, and flood
control in the Sacramento River systaim, including the Amnerican
=River; the extýent of potential imipacts to water quality; and what
measures wcfd~iaefor th!ese 4--m'acts.

General Coamments

The COE states that sedimentation associated with operat~n

th~e flocd-control dam would not signi-ficantly af-fect water
qudlity in the Armerican Rive-r due to the relatively inf~reqizent
floodincg and t~he volume of riaterial likely to enter the stream in
connection with a flood (DEIS pg. 6-15). However, the DEIS
states that a==roxiznately 38,400 tons of sedimenr.- from
construction i s ant-icipated over the 3 year ccnst-ructicn period
(DEI1S pg. 6-14) .This value does not include sedimentation from
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aggregate mini~ng- activities in the upper American River or
increased sediment-ation from temporary inundation and rapid
dra~wdown of flood waters. It appears that natural slope failure
may be hasten~ed by fligand emptying of the reservoir
(Appendix M p-. 7-6). Tnis could contribut1,e significant
cuantitiees of silts arnd sediments to the stream_ system, resulting
in losses of- *Aab-itat, and degradation ofA the acraatic system.
we note that soils above the proposed dry darn are considered
erosive and unst.able (US1:1W5 Draft. Coordination Act- RePort,
February 1991, Auburn Area, Volume 11). Further--orre, the COE
Claims t-hat- lowering the Folsom DaML spillway. and increasing
storm-related releases will result in more severe sedimentation
impacts in thle lower A-merican- River tha.- under t~he preferred
alternative (DSpg. 6-19).

We are very concerned with the potent.ial i-pacts of oossible
secdimentation orl water quality, the aquatic envi-roniment, Folsom
Reservoir, and tlhe AmWerican River. The,- COE has not- persuasively
demonstrated that the above increases in sedimentation will not
have sianificant enviro-nmental impacts or that pro-posed
mitiga#*4on will reduce suchf impacts to a less -than-signnif icant
level. We urge the COE tO provide adequate in.-1formation and
n itigation commit._4"ments in the revised DEIS to e~nsure protection.of. water quality and beneficial uses. This injffor-matýion should
include a discussion of the operation and managenment of required
seinerit-ation basins. and, describe: th~e potential impactýs from
these activities.

ContUaminants may be present. in the gravel to be excavated
(Appendix G pg. G-10) as a result off past gold mining activities
(DEIS pg. 5-2). ZA believes the results of sediment testing
shnOuld be incorporated into the revised DBIS. Testing should be
done now to determine if increased inundation or- aggregate
excavation will result in water quality impacts. Alternate
aggregate sources may be needed. Wie are concerned' that t emporary
inundation and rloodiinq of old mining sites and d-redge spoils may
result in sulf~uric acid formation and leaching of hazardous/toxic
nazer~ials (DZ-"S pa. hapotential increase in sulfuric
ad-d, heavy/ metals and salts should be analyzed in more detail in
the rev-;'.ed D---S.

The COE predict%-s that: 1) water quality standards may be
exceeded, 2) impacts on aquatic resources f~ron temporary
construction imracts will occur (DEIS pg. 6-14) and 3) urban.
rulioff caused -.y induced growth will increase (DBEIS pgs. 6-18f 6-
21). EPA believes that the proposed -mitigation rneasures may not
be sufficient to reduce these impacts to less -than-s ignif icant
levels. We urge the COE to investigate other mitigation -measures

* which could be used to avoid, minimize or compen-sate for impacts
to water aualityv.
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Appendix G, Section 404 Evaluation, states that violation of
water quality standards (pg. G-15) or introduction of
contaminants which would adversely affect water quality is not
anticipated (pg. G-33). These statements appear to conflict with
information provided in the Main Report and DEIS.

Water Supply

The COE should determine whether the BOR intends to seek an
alternative water supply if Folsom Reservoir becomes unavailable
for meeting CV? contracts. If so, the impacts of a new water
supply projec-- as a "reasonably foreseeable future action" should

be discussed in the revised DEIS.

A.PR OUALITY

The Sacrameento area has serious air pollution problems which
the proposed project may increase. Sacramento County is
cur-ently desiganated nonattainment for ozone, carbon monoxide and
fine particul`ate matter. Given the potential significant impacts
to air quality we are concerned with cumulative a-r impacts and
the adeauacv cf mitigation. The revised DEIS must clearly
demonstrate that the proposed action would not delay timely
attainment of National Amrbient Air Quality Standards (N?_AQS) or
contribute to violations of the NAAQS.

Conformity Pursuant to the 1990 Clean Air Act Akmendments

The DEIS lacks a conformity demonstration as required by
Section 176(c) of the Clean Air Act. Although the DEIS provides
a general assessment of i:mpacts and acknowledges significant
future air quality impacts, it does not provide supporting
evidence that proposed alternatives meet the conformity
requirements of 1990 Clean Air Act Amendments. Section 176(c) (1)
provides that:

No department, agency, or instrumentality of the
Federal Government shall engage in, support in any way
0r zrovide financial assistance for, license or permit,
or a.rove any activity which does not conform to an
implementation plan after it has been approved or
promulgated under section 110.. .Confcrmity to an
implementation plan means:

(A) Conformity to an implementation plan's purpose of
eliminating or reducing the severity and number of
v4Iotin o the national ambient air qualityviolations of tentoa min i ult

st--anldards, and achieving expeditious attainment of
such standards;
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(B) That such cctivities will not--

(i) cause or contribute to any new violation of
an. standard in any area;

(ii) increase the frequency or severity of any
existing violation of any standard in any area; or

(iii)delay timely attainment of any standard or
required interim emission reductions or other
milestones in any area."

Assessment of Air Quality Impacts

The DEIS does not provide a substantive analysis of whether
the projected direct and indirect impacts will interfere with
expeditious attainment of national ambient air qg-iality standards
or contribute to standards violations in the Sacramento Valley.
We note that the DEIS predicts increases of oxides of nitrogen
(NOx) and oxides of sulfur (SOx) emissions due to construction
activities and growth (DES pg. 7-15 and 7-16). This air quality
analysis should address the cumulative effects On air cualitv
expected from development identified to occur once flood
protection is provided to the Sacramento area.

1) The analysis should discuss changes in population,
employment, vehicle miles traveled, and additional trips
talken. Transportation projects proposed as mitigation for
transportation i.mpacts should be accompanied by an analysis
of their impacts on air quality, particularly where these
projects might induce development in other parts of the
region. These transportation projects should be part of a
conforming transportation plan.

2) The analysis should project potential emissions increases in
carbon mcnoxide (CO), hydrocarbons (FC), particulate matter
(PM-1o), and NOx resulting- from increased population,
increased vehicle miles traveled, added trips, as well as
added pcint and area sources of air- pollutants.

3) The analysis should also discuss the ozone impacts resulting
from increased emissions of HC and NOx and identify CO hot
spots in consultation with the local agencies. It should
further discuss the impacts of the NOx and SOx emission
increases on the related ambient air quality standards.

Mitigation of Impacts to Air Quality

The COE should develop with local agencies a mitigation plan
to ensure conformity with the Clean Air Act. The memorandum of
understanding (MOU) proposed in the DEIS can serve as the
instrument for devevlving this mitigat-on plan. Tte NOU portion
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for air quality mitigation should be expanded to include Yolo,
Solano, Placer, and El Dorado Counties in addition to Sacramento
and Sutter Counties. EPA is willing to worK with MOU
participants to develop a mitigation plan and to ensure that
mitigaticn measures are im-plemented.

ADDITIONAL S?-C:ZTc COMCTETS DN EI

1. The COE and FZ'!A utilize different methods to calculate the
!00-year flocdplain and the level of flood protection provided by
flood protection facilities. Consequently, FEMIA 100-year flood
protection is 85-year flood protection as defined by the COE
(Executive Su-mmary pg. 3). To reduce confusion, we recommend the
revised DEIS £n...C...lude both the C0E and FMIA flood protection
levels concurrantly in text and tables which indicate different
protection levels.

2. The impz act analysis often combines alternatives and
potential impa.cts when presenting information in tables. In
addition, qualitative descriptions of potential impacts are the
only evaluation provided. For examnple, the DEIS states that the
100-year alternatives will have similar impacts to, but of less
magnitude, than 150-year alternative impacts. The magnitude of
the differences for each alternative and supporting data is not
provided (0,S Table 8-6, pg 8-19; Table 9-3, pg. 9-25;pg. 8-66).
We recommend the COE describe each alternativels impacts

separately. The goal of full disclosure is to give
decisionmakers adequate information to compare and distinguish
between the potential impacts of the various alternatives.

3. Executive Summary Pg. 9. Construction of a pedestrian,
bicycle and equestrian trail in Natcmas and high-intensity day-
use fac'li.t-es near the mouth of the Natomas East Main Drainage
Canal is proocsed. The revised DEIS should clearly identify the
extent rscreational facilities affect the design of the proposed
flood control project and/or result in 0.l within waters of the
United States. For example, indicate whether the recreational
features influence the placement or size of levees, or other
designs for flood Qontro-. Zf the recreational components of the
project result in fill within waters of the United States, an
alternatives analysis of. these components must also be provided
in the revised DEIS.

4. Executive Summary Pg. !3, Table III. The second (future)
Natomas interior drainage pumping impacts have not been provided

in the DEIS. If they are part of the proposed project, they need
to be addressed in the revised DEIS.

5. Main Report Pg. 11-17. The description of the current flood

insurance situation is unclear in regards to residential and
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commercial developnent. As stated, it appears that the FEMA
moratorium is valid only for non-residential development and
therefore residential development is currently under full FEMA
flood protection requirements. The revised DE=S should include a
clear explanation of existing FEMA requirements and constraints.

6. Main Report Pg. T1--19. We recomrend the COE include the
200-year floodplain in their floodplain damages inventory. The
COE should also include non-monetary floodplain values (e.g.,
riparian habizat) in the damages inventory.

7. Main Report Pg. IV-5. The document states that the filling
of the proposed upstream dry dam by an event of 400 years would
last approxim=ately 12 days. This period of inundation is not
consistent wit.h other statements in the DZIS.

8. Main Report Pg. IV-6. The COE has estimated that use of
existing upstream reservoirs would cost $525 million. The
revised DEIS should indicate the time period over which this has
been calculated.

9. Main Report Pg. VIi-2. The Main Report states that the
sluice gates are to be closed only to retard flow from the dam in
the "extremely unlikely event of an emergency affecting
downstream system safety" and is not anticipated (pg. VTI-13).
if this is the case, the COE should fully document and support
their position that these gates are an essential and necessary
safety feature.

10. Main Report Plate 21. Highway 49, as shown on Plate 21,
removes the tiaht switchbacks from the road thus potentially
reducing commute time. The COE should outline their arguments on
why this proposed design may not induce growth.

11. DEIS Tables 1-2 and 1-3 Impact Summary. We recommend adding
the no action alternative to these Tables. The no action
alternative should include an estimate of existing short-term and
long-term flccd impacts (e.g., 100, 200, 400-year flood impacts
t= rio--irian habitat) to the American River corridor that can be
compared to the potential impacts (e.g., loss of riparian
habitat) caused by the project alternatives.

12. DEIS Pg. 1-5. The DEIS states that the tentative selected
plan would be designed to preserve water and power options in the
watershed. The revised DEIS should outline the specific design
features preserved.

13. DEIS Pg. !-9 (Table 1-4). The DEIS indicates three years of
monitoring of revegetated areas would be required for mitigation.
This is insufficient for determining success of mitigation. A
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minimum of 5 to 10 years of monitoring after implementation of
mitigation should be required to assure mitigation success. The
frequency of monitoring within this period should be determined
in consultation with resources agencies.

14. DEIS Pg. 2-5. We request that the COE explain why the East
Levee Road requires a 30-foot wide top and 60-foot wide base.
The revised DZIS should describe existing widths and evaluate
whether impacts to waters of the United States can be lessened
with a smaller footprint.

15. DEIS Pg. 2-6; Appendix G Pg. G-5. The borrow site for the
Natomas work should be identified in terms of location and
potential impacts to the environment. The revised DEIS should
state if the site is existing or new.

16. DEIS Pg. 2-7. The revised DEIS should explain why the
bottom width of the setback levee for the Fremont Weir is 140
feet. Indicate whether impacts to waters of the United States
can be lessened with a smaller footprint.

17. DEIS Pg. 2-8. The developmene.t of intensive day use
facilities and habitat restoration measures may be in conflict.
Increased human use can result in degradation of wildlife habitat
and reduce the value of the site to wildlife. The revised DEIS
should indicate whether the recreational development of proposed
habitat is par-t of the mitigation package. If so, this may not
be appropriate.

18. DEIS Pg. 2-8. The revised DEIS should state whether the
rerouting of the existing bike trail at Del Paso Boulevard will
result in additiorial impdcts to waters of the United States or
wetlands.

19. DEIS Pg. 3-5. Values for lengthening of Fremont Weir and
widening the northern Yolo Bypass (e.g., 750 feet for 150-yr
protection) do not appear consistent with other parts of the
document. For instance, lengthening of Fremont Weir to 600 feet
(nE-'S Pg. 2-7) is not consistent with Tatle 1-1 (500 feet, DEIS
Pg. 3-7).

20. DEIS Pg. 3-7. Although the expected probability methodology
and computed probability method may be recognized in the US Water
Resource Council Bulletin 17B, the revised DEIS should note that
FEMA does not utilize the COE's methodology of using expected
probability in determininU flood frequency analysis.

21. DEIS Pg. 3-13. We are concerned that the COE discounts the
benefits of anticipatory releases based on forecasting. We
believe that advanced flood management programming may be finely
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tuned to approach optimum storage and release operations in a
cost-effective way. Thers may in fact be potential for advanced
flood management programming, regardless of the alternative flood
protection selected.

22. DEIS Chapter 4. Tables and figures illustrating land use
data (Table 4-2, Figures 4-1 and 4-2) should be reviewed for
consistency with the text and other data tables. It is unclear
how the future develooment of south Sutter County (northern
Natomas) is being incorporated and utilized in the impact
analyses.

23. DEIS Pg. 4-3. Land in the Yolo bypass is included bnly for
purposes of hydraulic mitigation. The revised DEIS should
indicate whether the proposed project will conflict with the
proposed wildlife habitat enhancement/creation proposed in the
Yolo Basin by the Corps and local entities.

24. DEIS Pg. 6-5. For ease of comparison, we recommend
including Federal and State standards in Table 6-2, pg. 6-5.

25. DBES Pg. 7-14. The DEIS describes the estinated project air
pollutant emissions for levee construction in Natomas and dam
construction in the Upper American River (pgs. 7-14, 7-15). For

S ease of compar--son, we recommend the COE also include estimated
project air pollutant emissions for levee construction in the
lower American River which would take place under the 150-year
and 100-year levee alternatives.

26. DE63I Pg.8-2, Table 8-1. Potential impacts to waters of the
United States caused by gravel extraction need to be included in
this table.

27. DEIS Pg. 8-2. We strongly recommend that Tables 8-1 and 8-2
include the no action alternative (e.g., existing flood impacts)
and temporary Folsor. Reservoir reoperation impacts (pgs. 8-2, 8-
3).

28. DEnS Pg. 8-3, Tab!e 8-2. This table should include indirect
impacts associated with temporary inundation and potential
increased erosicn.

29. DEIS Pg. 16-16. Since this is the preferred alternative,
EPA recommends the visual simulation of the 400-year alternative
be included.

30. DEIS Pg. 24-1. The DEIS states that some dam leakage may
occur as a result of the maximum credible earthquake, but total
failure would not occur. We recommend that the revised DEIS
provide more discussion of the relative safety of the selected
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plan compared to other alternatives. Discuss whether a larger
damr on a compclex foundation has greater likelihood of
incorporating important weaknesses due to fault zones, talc
seams, serpentine bodies, adverse jointing orientations, and
greater potential for landslides and earthquakes induced by
reservoir inundation.

Conditions that exist at the Auburn Dam site will affect the
da= proposal. Discuss whether the following Auburn site
foundation conditions affect dam safety: weak planes, tabular
bodies and masses cf gouge, sheared rock, talc, talc gouge,
serpentine and weathered dike rocks as well as numerous sets of
joints. We note that othe-c gravity dams have failed, such as the
St. F'rancis Dam in Southern California (1928), which collapsed
after a foundation blow-out. Insofar as the reomeration of
Folsom Reservoir and modification of the spillway do not rely on
additional high dams, please discuss the relative safety of these
options.

31. Appendix C Pg. C-3 Table 11-1. This table inappropriately
includes advan-ce features. This table should be correctad.
As stated in previous discussions with the COE, EPA believes that
if the proposed dam is constructed such that expendability is
enhanced beyond that of a standard dam design for flood
protection, oth.er project purposes beyond flood protection wculd
need to be addressed in the current DEIS.

32. Appendix G Pg. G-3. The 400-year flood protection
alternative a.nd 200-year flood protection alternative are
considered the same except for dam height and storage capacity.
The revised DZ-S should indicate whether the footprint for the
two alternatives differ. The evaluation of the 200-year versus a
400-year alternatives should indicate which alternative is more
easily expanded (financially and technologically) for other
project purposes. Discuss federal and state cost-sharing
arrangements as regards future benefits.

33. Appendix G Pg. G-5. The DEIS states that recontourina of
gravel extracý=ion sites will occur as practicable. The revised
DEIS should state whether excavations will result in depressions
in the river after extraction. EPA is concerned that depressions
may trap fish after high flood flows and cause their die off.
The revised DE-S should evaluate other impacts which may result
should such depressions remain.

34. Appendix G Pg. G-13. The DEIS indicates approximately 700
acres of habitat would be lost due to periodic inundation over
the 100 year life of the project. The revised DEIS should
specify the type of habitats (wetland, upland) which will be lost
or altered.
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35. Appendix.G Pg. G-14. The revised DEIS should clearly state
whether the footprint of:.the dam is within waters of the U.S,
whether or not it is in a special aquatic site.

36. Appendix G Pg. G-14. The extraction of gravel is not a
water dependent activity requiring direct access or proximity to
the American River in order to fulfill the basic project purpose
of flood protection. To comply with 404(b) (i) Guidelines, the
availability of upland gravel sites should be addressed.

37. Appendix G Pg. G-30. EPA believes the cu=ulative effects
analysis is too narrow. Future development within the Natomas
area should also be addressed.
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BE IT FURTHER RESOLVED that this Board concurs
specifically with Items l(c.) and 5 in SAFCA's Resolution
No. 91-008, quoted as follows:

"l(c.) The lands in the canyons of the North and Middle Forks of
the American River near Auburn which are now owned by the
federal government, and any private lands in these canyons
which are acquired to operate the flood control dam,
should be maintained in some form of public ownership in
order to provide needed actively managed public recreation
and to preserve future options with respect to developing
the resources available in the canyons.

"5. The Bureau of Reclamation should continue to pursue, in
concert with all interested non-federal parties, a study
designed to identify future water and power needs in the
region and to evaluate feasible alternatives to meet those
needs, including the alternative of expanding the flood
control dam for water and power purposes. This study
should fully comply with the principles and guidelines
applicable to all federal water resource development pro-
jects, and should in no way hinder or delay construction
of the flood control dam."

Dated: June 28, 1991

THE RECLAMATION BOARD of the
State of California

President

By• Secretary
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A-206



@c 0 C 0

-0 00 z .40 0* N
o o0 a 00 VVS a 0 0.0 c m02
o0 w 0) V4 r C 040. C. . . 0

0.0 k a 00 a0 o- alp- w 00 1 a V 4 > P
0 91 rO 0 0 &.4o 3) 0 0 V .0.0 0 C 0

> * 0.4. *0 u >0 C tc a 0M.000 AO.- w 00 03
a wo 80 C 53 A0 C* O C. v 4 =0- 0

0 C-o -0.4 .43.0 .0 0 0 0 voOM 0 ~ .
V L4>W a 1C 0 .0 2 Z4 '0. O OO J 0.--0Na- .C >0. co

0 C uV C 0.. 0 0 040 00 0N Ca. a .4 m .0C a
* i 0C a -a' CO 00 wV CU W > 0 0 0.0

0 00 N. .4 .0 OC O WU3 0 a4 - VO-C 0 .0 u
o o~o .0 I, - 0 0 0 0 00 00 CN 0 04 - 4.0 a' .'040 u N .0- w 440 m00 C 0t!0..V. SW , Q.4 00 .V 0 0 0- S%0 a -

3 0 v0 v 0 a0 0 *, I40. V 1 113.. 3. .-. 04 000
0~~2 .0.4 C 0 00J 4.0 0.0 4 - . .. v V 0

o V0 04. OC 00.0 0- .404 U 0 0

C. >0 O. C a . 0. -a C 0- 00.0 U - 0 -- C0 'a WO a
m 0o 005 6 N 00 a0 40; '4) . 0 CO 2-4 >

EC 000 . . . -N -,W V 44 ý 4 00
> O M 0 0 .00 C. . . 40 r 0 ~. C .4 .4

o00 4 C'.'. 3, 00V -40 * 4 0 .. V.. 0 C 4 0o.I"..ý 0 4000

0 10.. 0 2. 0.. 0 0 0. a0 A0 000.. 0o v4 0400

ON V 0 2 k403 0C w 0-. Va 44 0 >..C0 o . O. .- V00.. 0) o .0W'

a O00 -Jo I
a0>404. 0 a-& ca 0 ONNON0 ta .0w

V >,V.. - , 04 00.J 0C 0 .0 a C P o * u0 C %
V44a0a0>. kOCmN V 00' C1 0 'a00 wNZ 00 5 c c C

I4 A 0.0 0.0W .4- V w4 0 2 0 x. .03 N .4.' O
0. C E. i04- IL 04 00 u' -. 0 N O W *4V0 044 2

V.40 0 .40 C3 C410 mO. 0 0. 3 w OC0C a .0 0 w 00
V VONOAO 02 4 0 10 U D 0 WV M .M

x .'aO03 0 a. C OW 00 O .C0 W C0 a0441ýU 0 4.'a0 c
2. 0 E-. 2 Wo 'p 0 C.4 k W.N MC .0w o-. OV 004.9 00

O 0 - C 0 0 0. w A 0.C a 000 m " w . 0 .0 V - 0 w40
C 0I A0- 0 - 4. 0 00 0 4105 0440m .000

0C 5.0 3 V ". V O 20 4 0 .4. O N .4. .0 0 0 .C = '..4 "0
a 00 C O OW 0. WV -0 2 300 V .0 .0-a 4 0.V - .42 k0
c* V'0. V NM N N 0 -1 N 04.00 ! 000 0. 0 2 0. .

0 00030 c W 0 00 04.4 N3t NC* C N O 34 .C0 MN.
NO V 44.e 0 a V. 0000 0.0a 0> V C C.-0 C4 1 VaI 0

00 4VV0.0 e 2;. IL' 1. 0 .40 1.4 >0 0 0 WV O

0 . I0 0 IM I. 1-W 4 14.. 's C.4 440 30 O
4..I WIO0D 0 a4 I C- 0.0 C w0.0 00 > 0

u.1 0 u.MVO '#.0 1. W-O w C. a 0 w O C - t00 INN 0 w
3) 0 .000 a0. .0~ ou 1 NS ON >-0 Q... 0ý N 4 z04

2.0 c-. 00 V.= V 0. 0, a a0 .4 = NOM. *... C43 00a
a40 00 4400 a 0 M 04>0 VVA 05.0 0> 04. 00

00
0 00 a

000At Q 0 a m2-.
-0 C 04 0 CMX 45 0-400. 0 N

0. 0 0M 0 - -. '"CV- 0.00.x t, J NO.-oS 4.0 ..- 4000...'>u *4 0N 0 '005 '.
V0 t. 0 0.4e - 33 a 0- a 0 0

q3 9CONVaNO a0044 0 .00 0u
0 0 00.0 00.U.4 w .000 v r0 V 0 00 0 0

u.. C V- -1 -1Ua 0 000 O.44 - *00V0
w 44 - a- V w a 0= t.4 a 0 C0-4.

410 '.405 .. ~-0 0 0 - V 4 N N
2 ~ 5. .- M-0.O.4 > 0 0 00440

.0~' N -00.00 C M.W 0 .MM 0 V.4CO

0 ~ i 6 00 w- 0*0 > .0.00 0 000a

- 0 0 0 0 004 V o c0 O M S V - 0 0 4
- 04 0 M0u 0-4> O ON 0 0. 0 -M ON C0 0

-0 C0 V.0 00.0 0.a40 0-4 .0 V . N
C0. .3 0NW V r O0.C . mN0 -0.4 0 0 0 x 0 a .
04 0 J. MN .O 0 wV 0 00 0.C u 000 0= 00

c ~ ~ >4 a0 9I M .C 0 v- 50 . 4 v000
- -02; 0. Z40 . 5 O 0 N04 0 0 r NO0

1.' V me 0 000 a CO V a'.4N .4N

0O4 = *.4 .0 . "a004 N M M CM 0 900 C 00 61 4

.0 45 a. w.00 " -.7 042 NO *4 M a . 0 445r
40 NM 000 . , vC u r 000 0 44. k0

0orC 0 w 000 0 U 5.26O 1 Cc 0 0 20. a.400
C20.. 0 U .NV > OS . -4 0 0L 00 0 0 w C

Vt> .. 00 0 C 4 a 0O 4 V V C0 0 a = N
- S 1 0 N0 44 .C O S > 4 0 >0 0 .0 00

Q. >.. = 0.00 0 > re00 0.0 > 0 C 0 .. 0M001
o. 00 0 00 0 00.0 0.. Mw O Q0 0. 0 0,

0- 0 X4 X.0 ýWý 9 > S > OOON .4N0 a aC ..
u .0 0 .. *I 10 0000 000- 0N0L, 0.00s 0050V

o04410 - 2. 1 4 -0V.002> ON04 ON S 0 E. u.0
VIC a 0 C .0 - v a -0 W C 460 N -o00 .V-

a.*. a ..W.V0 0 0>MC.> 0 0 .C 0 OCN >
NOOC m u O.00 C-.4 OA a.0-N M 0 0 00

t;o4 IA0_0 0 2 .00. Vm 00 L .0.NC.4 .w -aC 0 .0
4.30 0.4 444 0 044 - MO .0 0 0 0 0 0 M.. .00

004 3. -C.. * ' 4 0 A 04M2 000 r W" " Z~ 404
0.0 . a C >C 20 N C2 22 4 "4 0Q.4 334 04 4

'5.0 0 v00. M 0 0 200 I W00o 4 0.c 3,
a =00A 0 C o .OO: 040040 04.00 0.C 0.

0 -ca . t 0 00Nu0L40 A 42a0c2.0.0 a445 Z 034 D: E

A-207



no.-51 20 6 -0- CO 2-a
a 54.. 0. c. 05 4 41.

Cam.6 4 1* 404 0 1 .0*5

41* 0 c4.. . a0- 0O 45 1 fl.5.

.5CP 0 a 6 - 4 4 .4 1 4 >
1*4 to -. *O~1*.. 1 - 0 0.1 3 79.C

z 0w.a a - CL 5 1 1 . . OS 1 0 c 1 .5 4 1 * 4 0 .
6- 0 l001 U 0*64 - 2.* * 0 4. a

01.'4 0 511. 4'1 1 * 30011*06 3.

0M0 4 1* 5 5 0 -IO-Z a .0 0 3.10 0

55 a * a::-- - .. 0 4 02 . 80 . -. 1 01

0 U .0 rO..A l.C 4000 X 1 .lA.3.0.1, A."". 0. 3 -. 0 !.55 ;;*.44 5 5

4 5 0 5 . 00 . l 1 6 *- 1104 On1 5 X 0 0 E

01. ~ v -u 14 0 *1 0.10 1 '4 Q4
40 10 6.011 .4.111 O 60 0 o-ud,0.12..~~~. U0 = ,a 0*0 5 .I U 0 . 4 0 5 3

1.4 -0 0 400 . ' c 4 'a51

Me 4 0. 6 0 .5.0> M, A.Wa0. 0 a15 * . o"

445 1*0.O311 .4 - .0 5.1. 1400 ax

a.4 * to6 5..10... 40 00 6 05 1 010 1111*4 1; a.1 9.. WO* 0. *4.*6 4

-'5.5~~ a.5 41.0 560 06 40. Z a.5a4a..

4~- w4 6.1 C6.4 . 5 6 0 0.4 4 4 5 5 5 15a5u

2*8511 620 d2I a 0.01* Z. M ..4 -.. C1 41 * "a 1'6 5

4.. a O.1*a.t..0a- 011.4a4641

4. 404 6 16 D* C- 0 401*1 4a 00
66 - 401 -46 11*- S 55 1.0 1. 05.a

2.4 5 - 0 0 IS .l 1 0 5 * 0 41 01- 5 0 a . .5

1.46~ ~~~ M400 -o e.. 451 4 0.0l04~.04

z - . a5 gra *41.64c

c u 0 14 .0 4 00 a 35 0 .0 4ý r
CU~~~~~~~ 61 l1.*4> 1 .

-I 65.5 - x4 4 '6a14 20* 5 4.4 1' a0 c* T.14. 4.2 'C 4 0 0-0 a .0
0~ ~~~~ 0*1 .0. 1* 1 0 41 Q 1 0o

- 01.401 40 4 0 00 a 05 .4 0 1* 11 4 01a* 255 a4 elm44 1*4 4* 45!0 .1 1- .0 0. 1 5 .440 60 10 aI 4 *

1 *0 0 5 41. U1. 51.1 x3 c40 0 5 4 1 6 1. 4 .00

4 4 0 0.0 0 4.11. 3.U3 400 a4.. 0
1 1 31 -s ! .14 !-a 1. 40 5 10 4 4 0a1.

0.50 a r0 0.04 0 1 0.52 0 51. 0 4

1=. 1. 1. 66. 0 1.5 4 1* a41 C 1 1. 'o, 1* -
451* 3 .0313 61C4- .1.5 .1 w1* *3 0 4. 1

04 40o -1* 14 U, 20.1* 5 . 0 t 1 c.0 a-
.4. "10 60.1 C. 0 5 26 4 O= a* 4

41 U2- U *560 001 1.. . 460 . 1

-0 0 w .. .- a W.4 601.Q U- 0 0a . I0n 11 0:.4
1* O1*i. 0"3 .-1 * -a 0.w. 4 .11 4

0. a *0. 40 001 . 1 5. 04 . 5 55 a 2 c

61. a1. 0 0 0 31 6a. M5. * 54l .
1*~ ~ -00 140, 40654 -a45 46**15 1 .

C~ l '0 6 4* o'.l 3 0 0 5 1 -360 4 3 - .

u4 04 4. 131 Z4110 1.6 t A*4110-40.-a1*'a,

Vol 1 .~1 (L. 0. 01 3 0 04 a,1 l15. -4 5 s.
a . >*5.1C a- 1* a 4'A 01 514.0. 1.5 *-1551.2 0 0. 1

4 a0 2.4 .1 1 - 42 *.2. 00 a0, 4* 6 . 0 04 x4a 0 .- M- mf

=AO 600 a.41. C64. 0* * 1* -j 4 0 4- 0 41 13.1
A 'a1*.4 1.21 t.0 1.1.a 1. .' 01a1* .- l 1*.4 0 4 1 4 0 01.

60~4 =25. 6(1. a10 4 u. If 0.514 1*0 411.41 2.4 - 6. 0 0. .54. .l 1*0 01.0.5. 4 0 0
134 01. 13 66 01.0 1 422a. I0 . * * 1 6.. 64 0 0 4 * C

1*.~ ~~~ 3:5 .01 0.1 04. 2. . 5 1 4 . 1 2 .0. 10.. -4
1' 6 64 .1 1 60 6 .4 3 64 0 1 6.1 E. * 12 1 4 012 IS I

to5 61. 45o0 05 5C6.1 0c11.I.4 15

A-208



*'4 to4 4JV 4 .C

4jS r01 00 o 414 t
E 010.'-II V >t v I4tV) 4

C 44 G ýt
w , aKz4 4 0 4) 14Ot

CL $4 Jc
to 0OC4 1 .-4 1

4J4VOJ~l0 0- 0't 0. O 0, '44 -(6
Vo V a4toto t"4U -. 4t 4.1 :14C

41 20 0 41o. 0d V 41 >. > Cl0'nI

-. Utol4 0 *,404C '4 ~ ' t j

04 in1 44 4 0 : 0. 4 1 0 14t 0 to1n4w 04 U 0) *0 -44 -t3 C: wto 0.o
A to a, 440 J.'-4- 4

OR >4 I co w4414 0 .0 z 0 .CO.J t -A. WEL
Iza 0' -4 so.1o 0- o 0 001 m J 0 44 430 0 c

V 4.) Wo 0 010 Vt L4 t .0 10 CL to 0 0 A 2 0
Oil 0 to Vn *.4004 0'00 V 44f-1l

00 too z " 4 '
'- Vt Q4O04 M.0 '0 %Ioto to 4.) 0 -4'
>VC V. 14 0-414-4,4 3 - m.4't CJ-)CO.C04 to*4a: .4'4 4 V ) A3 4.t4 ~ t1.4 '00( 0 v :3 44 0 4

w w U) 14 14 WV ) 0 0 1 70'.9 tV $4uwto4 to int w :s
CC 4 0 uC " .--4 4JIt 0004 I4 V f 0toJ .0 M C N

4 0 Vx 44 '01 4 r4~ 4' WO .V4, U 4 d) 0 4 w

m 04., v4 V-t'0 04'- 140 C101 C: 0. - '
O 4 10 0 0 '1 dl to oo 0 301 W U 14

t t ol, to 44o 44 - '0 o . '0 0 4 o1oO0 LL0.. 1 04 UI Vc0w 0 -,4 0 0) 4410 43 0 .1V r in
0'>0 4 nN -A 4 C: 0 ' .0 2W0.E0: : V 01.0.0 m

Id Mo4tJ't V ~'t0-. .0 f.-40'f -0 W0 .14) 0 t ( U ý4t

to0. U'4 i 0v 0 4 0to0. .0 Id4 ) 3 t oq., H4141 0. i to.t in V C0 .-$ d

04 C) Z 4 t 0-(

L)~.. 14 44.4 C 4c t

V 0 1 CJ 0 0 02' 0 ) >w w 4 %U

t)II 4 * :. d4 )$ 0 diU

U, 010 41- IL
1444 S0.0d. L t 010 U

0 .1. 4 V U 41

441.4 .14 0- X

n41N 44

O U 4.40 1 A4.I14 U 4
Iis to 4~' I 11-.

8.040- tS .0 S .4 K

U P. 'Uo

4.4 a4. ý " 94.440 1

0 P 3 V .41 a1 W

-J .4. -4 .0 4 0 An.. '

U 04o4 0 a0 cc 41.

0 ~ ~~~ A.~o . 40 4. in

to .~ ~~-4 14.0
14 a 0 -0 v. N4
-4 W4.4 4 CS W'444-t

14 v4 I v ~ cl 0 v4044
44 C, -0 Al .4 41 .t A >.1: - .4

>. I0 w > u 0 14 44I4

A-209



W7.I- I

0 u

o~:- -- r

~'~0- *O0-

o~~
0

If0 v

-4 , .g~-0 U
LP, -5 0 -

0 *0

U-5

0 0

0~~ 0 -i-'

43 2 tD

00 C

00

0 0

0 U) to 4w) 4) C ) (1 ) '1

to. to .0 4) 0

I-. Oo 0>>.4
41 0 O r.) 4 41.-) 4to A ) 'N 00 ()Vd).

I ,4--.4Jt
.1 ) 0m r U)

41 0 o -10 V

a) A 14 0 .1-
>) to) ca P 1 4)4)

(1 4)

0' 0 X. g n r

N~' 'NC' W0 1) (1W .
04 C) 41, eq4 ~ ~ J 44

4) 01 .0 & 41 4 1 4~ 41 . . 00

C4 I-14 0 .)14) : .0
>1 -.H 00 Ca) 4 > 0- : 4 a 0i 0 o 0 p w

cl H 1 ( d 4 004 4)
D.0 1 0i .91 0' @ 4@4d 1"r

mu V4 4)O 0 41 d) 4
fa 1I4 u4 0 ) w 4) 0 A4

t. C1z0 .-" w '-I a'du4w4-a

ID 14 r 0H P~ 0- P).J-
d) 410 (1)0 1 .0 0IH ,4U~r-UH HL4 4144 I 0

Uw 4. rd 1 0 k )0 1%0.0
0 '-4)0 (1( 01 *H .4J

Q.U C 0L) 0 9.O -1 m.
0 . 0 .0 4jw ) o 0 Z 4 ) 0 4 a'1 0: 44 r .0- AI 00 .-

H1 " 0 1. " ) 0 0)1 .
wU 4r- H0 A1 u)1 .

0.104) U) d) F-40 'A
Ul - )3 (L 0 0 LI-
L) ,~4 inQ . w0 0 *XIO4 0 u

UJ-U)0 00 ~ ~~ 44 ,-' C-4 4.l4-f (0

A-21 0



R. 1~i C0 v . .C::E 0 )va 4
z u-CH0 - 4JEU4J

U.- 4J V)4 0.-
rH~ to4 0 4j 0 r t
044' CLO4 Id(nH :

W UOE0U -4 0 1
Id .E -, 0-1 d EU 0 H
>.C:UEC vUi. -Hd 4-'n ,

W 41 Id 0 VJ 0

pi0 0o 14J 0 (
OIA'WIV.I4 E101 C0

(U 14 M.E >1 4 4344EA 191C

IA 4)( d)

0u ,0 Ci :1 R 04 4' 0

-4' 401400) r.1 140
t 0LO 'r *H4d 4'14 fA QvpW $
>+'.- 011 01 1I.4 4EU' 4UEt, A 4 014 rnn U) V U 4) 0in - 9 -0 0H)H4 EC 0 .Id 0 1-

w 0 0 m' 140 - HO.0 -, Z9 r,1

cc 044 -14 0 r. 1* 00L)P o' Al IU ' 4- 14 -14.:
4-' 0Ur..f1 14 -P ) ol 40 0JC .0. VUA U
C 01UcJ EU 1 00 w p0 EU-. r: 04

EU~ ~ -U40 rE 010 C:U40. 0UHU 0 -. - '
U)U)0U - 2 'A A0.w0tw V 4i4 0.4 U))

LL wV v U t :j 0

z >G 4) 4 .144 (d
4

00'4 4 * - PC > p '0 ) H:
z w-, EU -A,- w H.EU fE- 10 C: Hf 'A VM

Hi t p n 14A0 0 w 10 V 4 I5 A C: V 0 C 12 -0EU4E -4 $4 4- 4 -H L
0')1P.dI1> VS , CN EU.-

04 4J o'14 0 14 U)
1 4 

L) a)
0 C:.141 $40 ;L). 0L (d44 V :0O.H() 0

CL 0 $4 V) 4 U 4' 44 r 14ý44 -0)*H01 fa $4 OW I f

-4 n 0: 0 004C> g' ~ N V '0 V NV W

0 Z. EUH0.:.4~I

C4c0 "-1 0'0'E M' Z C U0 14
H~ ~ 0' 0) V0 (dEU '- kJ.og 4 z

-z Eo r 4) tp.H 14 44 IA4 -
'0 a' M 4' 4. >1 0 N 0 HC 4:$ 0) H: -,1 -4 iE4 0H 0 "1 1 r 00 g(a id r Cp : 4 C 4 0 U 1

44 44 1 0~E '0 P EU0 .
0: CH P &U 0U CL.0'4. V go V--H

-N ' 0 0 .0 t0 1.0 00 r-ww10V 0
EU "A Z' '1 E PA~ 0 c V

c-f z4 > 0U o4'4C H0O VU 0) a
Od V -H ' -. H 44 r4')

0' eq (d '1 0 4) V h4)O
0 , r.1 p 0 M0-H M14 r

E4U 04 RU
'
C 0 44

EU( 0 0 00 m.O>.I 44 E,4-r'44-,
10 4)V -H X . - ,q p U'0 C: IA - '04 )-

g 4 -H0 4 14 '' 2.- > ýC:~4 c- 4-)2) ,U" EU4- w 0UCEN 0E rd 0A. Hd aA . C: -r. CI' t) C
0
"4 , -H 0 U E C: E0 C:

HI r 0. 4 34 M., 4> 1,0r. w p t ý4'wl 0, 4 ) to 0 -C.U 'n 0 U (d 0 0O14.H E
N tn -44 -A VUUUU ZHoo 14. EU ( 0 1 'A0 Pv 0C:~ 0 4' .0)H 4V.E1  U -H

C) .H 0A 0 -1H a: MU0.1H 1441 0>. -HZ 0. r. 0' C: U 4'E) U p Id EU 4
m 14 ., 4 IE 4 -'H. C0.,E O.,IU O

1
C A*- C)4

)4 EU P a) EU aU -4 0H44 X 1  44 EU 4)VO r LO: 0'-C m UH 0 ~ 4E '5 - VE Mg.1 00 -r' >.W E EU C: 4-1HU :1 E 0 ýp O a
Ha `4 r '1 4UC2OEU 0 14UO H .,A 0 0 U0P C 41)H C:E -HEP.0 p a)44' 1 0)
U ~ ~ 1 to 1.- IA- )0H 4'4 aHAU:-OUC

ILHU4-' U0 0P 0:044 U 4'EUUU414 'd 'd0 a)
>H- 'HJ I 0 3HHE0 H4UIa 4j 4ti > -A 4>1-H LE I EU'U4E E 4-4 41 C

HI- ~ V 0' > .EO:E-IC:4 C.EE 0V 0 0:' V.H
to4)C 0 U, go 4-4IAA4E 4'HE4H.'44I N '4 p, tn UUU



SYATE OF CALIFORNIA-THE RESOURCES AGENCY PETE WILSON, Governor

THE RECLAMATION BOARD R
1416 Ninth Stroet, Room 45S-6
Sacramento, CA 95814
(916) 445-9454

OCT 4 1991

Colonel Laurence Sadoff
Sacramento District Engineer
U. S. Army Corps of Engineers
1325 J Street
Sacramento, California 95814-2922

De/i7 Colonel Sadoff:
I

In response to the August 22, 1991 letter from John Saia,
The Reclamation Board of the State of California and the
Sacramento Area Flood Control Agency hereby convey their intent
to be joint sponsors for the American River Watershed Project.
This letter supplements the Board's letter to you dated June 18,
1991.

SAFCA will assume primary responsibility for the nonfederal
requirements (lands, easements, rights of way, and relocations)
of the Natomas portion of the Project. The Reclamation Board
will assume primary responsibility for the nonfederal
requirements of the proposed flood control detention dam near
Auburn.

This arrangement will not affect the statutory cost-sharing
formula between the Board and SAFCA for the nonfederal costs of
the overall project.

It is our understanding that this letter satisfies the joint
sponsorship requirement in your August 22 letter and will thus
allow SAFCA to proceed with submitting an application under
Section 104 of the 1986 Water Resources Act to receive credit for
constructing the Natomas improvements on an expedited basis.

If you have any questions, please call Raymond Barsch at
(916) 445-9454 or William Edgar at (916) 440-7606, or have your
staff contact either Steve Yaeger at (916) 322-6230 or Tim
Washburn at (916) 440-7606.

Sincerely, ,

11,.?Wal ace' McCormack inB4 Christophel
President Chairman
The Reclamation Board Sacramento Area Flood

Control Agency

A-212
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"~ United States Department of the Interior
FISH .ND WILDLIFE SERVICE

Fish and Wildlife Enhancement . *
'?CH 3 Sacramento Field Office

2800 Cottage Way, Room E-1803
Sacramento, California 95825-1846

November 29, 1991

Colonel Laurence R. Sadoff
District Engineer
U.S. Army Corps of Engineers
Sacramento District
650 Capitol Mall
Sacramento, California 95814

Subject: American River Watershed Investigation

Dear Sir:

This letter transmits our enclosed detailed report and accompanying
substantiating reports on the effects that proposed flood control alternatives
for the American River watershed would have on the fish and wildlife
resources. Our report has been prepared under the authority, and in
accordance with the provisions, of the Fish and Wildlife Coordination Act (48
Stat. 401, as amended; 16 U.S.C. 661 et seq.) and is for inclusion in your
feasibility report. We have made various recommendations regarding protecting
fish and wildlife and mitigating for unavoidable fish and wildlife resource
losses. Please advise the Fish and Wildlife Service of your proposed actions
concerning these recommendations.

Because of the expedited schedule for completing this final Fish and Wildlife
Coordination Act Report, we have not received concurrence in our report from
the California Department of Fish and Game and the National Marine Fisheries
Service.

We appreciate the cooperation and assistance of your staff during this
comprehensive planning and reporting effort. For any questions regarding this
report, please contact Wayne White at (916) 978-4613.

Sincerely,

doWayne S. White
Field Supervisor

Enclosures

0
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RESOLUTION" 90-002
Page 3

e. A requirement that the additional costs associated with making the flood
control dam economical to expand in the future be paid by a non-Federal
sponsor. TIe specific additional cost and payment of expandability be
refined during the Corps' feasibility study, but that, in the final analysis,
the cost be assigned to those benefitting from the water and power supplies
when and if the dam were ever expanded.

f. A requirement that the land now owned by the Bureau be maintained in
public ownership.

g. A requirement that the bill would allocate only the costs that the Bureau
has expended to date (sunk costs) on Auburn Dam that apply to previously
constructed facilities, or portions thereof, that would be needed by the
single purpose flood control project as if it had been started from scratch.
The remaining sunk costs should be considered non-reimbursable at this
time to make sure the existing CVP water and'power contractors are not
required to repay these costs. The final allocation of the remaining sunk
costs would be addressed by Congress when legislation to enlarge the Dam
is considered.

6. Finally the SAFCA Board of Directors orders its staff to continue to work with
Local, State, and Federal parties to refine and improve the legislation proposed
above. A goal should be established by SAFCA to have broad based support for
the legislation prior to its introduction in 1991.

- CHAIRLAIN
ATTEST:

SECRETARY

A-228
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0 PLAN FORMULATION APPENDIX

CHAPTER I - INTRODUCTION

1. General. - This appendix describes the process and results
used in the American River Watershed Investigation in formulating
and selecting a plan for recommended construction.

2. Procedures Followed in Plan Formulation. - The procedure
followed in this study for formulating and selecting a plan for
recommended implementation was as follows:

Establish specific objectives for implementing a plan
to resolve the identified flood problems and, to the
extent possible, related water resources needs.

Define constraints and criteria for formulating an
implementable plan.

Identify, document, and evaluate, with respect to the
planning constraints and criteria, management measures
to reduce flood damages and address the other water
resources needs.

From the management measures, assemble, display, and
evaluate an array of alternatives to address the study
objectives.

Identify the plan that maximizes national economic
development (NED) benefits.

Compare and evaluate the alternative and select and
display a plan for recommended implementation.

3. PlanninQ Objectives. - As described in Chapter III of the Main
Report, a serious flood problem exists in the Sacramento area.
There is also the need for increased incidental recreation, water
supply, hydropower supply, and instream flow enhancement. Based
on these problems, needs, and opportunities, the following
planning objectives were developed and used in the formulation of
a recommended plan.

Provide increased prudent levels of flood protection for
the Sacramento urban area from overflows of the American
River and in Natomas and lower Dry Creek. In this
regard, the non-Federal sponsor's planning objective is
to seek a high level of protection (200 year or greater)
from flooding along the American River.
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Enhance recreation opportunities in the study area
incidental to the flood control objective.

If possible, enhance water supply and hydropower
opportunities at Folsom Dam and Reservoir and evaluate
such opportunities in the watershed incidental to the
flood control objective.

Develop the selected plan in accordance with the
Federal objective of water and related land
resources planning, which includes features to
contribute to NED consistent with protecting the
Nation's environment, pursuant to national
environmental statutes, applicable executive
orders, and other Federal planning requirements.

4. Planning Constraints and Criteria. -

a. Constraints. - Fundamental to the plan formulation
process is an understanding of the constraints within which the
process can be accomplished. Three major constraints for this
project are described below:

(1) Authorization. - Authorization for the study
established several constraints.

" Study Area. - The study area is the American River
Watershed, Natomas, and the lower Dry Creek area.

" Project Type. - The authorization directed study
primarily of a peak-flow flood control facility on
the North (and Middle) Fork of the American River
above Folsom. This, coupled with authorization for
the reconnaissance scope investigation and
coordination with other Federal, State, and local
agencies and interests, indicates that (1) Auburn Dam
as previously authorized should be assumed to not be
constructed in the foreseeable future and (2) any
plan selected should neither preclude nor enhance the
potential completion of the Auburn Dam project.

" Incidental Benefits. - Other benefits of water,
power, and recreation should be considered as
incidental and related to the coordinated operation
of the peak-flow flood control facility and Folsom
Dam. Further, an assessment of water supply needs
only within the American River should be a part of
the study.
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(2) Laws, Regulations, and Policies. - A host of laws,
regulations, executive orders, and policies must be considered.
Among them are the National Environmental Policy Act (NEPA), the
Fish and Wildlife Coordination Act, Clean Air Act, and Clean Water
Act. These and others are listed in the EIS.

(3) Existing Projects. - The purpose, operation and
limitations of existing projects must be considered. As
mentioned, it is assumed here that levee and channel modifications
identified as part of the Sacramento River System Evaluation
(Sacramento River Flood Control Project) and Sacramento River Bank
Protection Project have been completed.

b. Criteria. - To lend more specificity to the project
objectives and provide a uniform set of guidelines for further
formulation and evaluation, four criteria have been established as
follows:

(1) Completeness. - Completeness is the extent to which
a given alternative plan provides and accounts for all necessary
investments or other actions to ensure the realization of the
planned effects.

Alternative plans should address the objectives.

S Alternatives should need no other actions to assure

complete fulfillment of purposes.

* Alternative should be capable of implementation.

Unavoidable adverse environmental impacts should be
mitigated as fully as is found to be reasonable and
justified.

0 An alternative should be capable of consistently
and reliably providing a specified degree of flood
protection and other accomplishments.

Alternatives should fully compensate or offset
adverse hydraulic impacts to other areas (i.e.,
not induce flooding or increase the risk of
damaging flooding in adjacent areas).

(2) Effectiveness. - Effectiveness is the extent to
which an alternative plan alleviates the specified problems and
achieves the specified objectives.

Public health and safety should be considered.

Displacement of people should be avoided to the
* extent possible.
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Environmental attributes of the area should be
preserved, maintained, or restored.

(3) Efficiency. - Efficiency is the extent to which an
alternative plan is the most cost-effective means of alleviating
the specified problems and realizing the specified opportunities,
consistent with protecting the Nation's environment.

Benefit-Cost Ratio - The benefit-cost ratio of the
selected plan must be greater than unity (i.e.,
average annual benefits must exceed the annual
cost).

NED - The alternatives should recognize the
differences associated with the NED (i.e., that
alternative which maximizes net economic benefits).

Estimated first cost is to be based on October 1991
price levels.

(4) Acceptability. - Acceptability is the workability
and viability of the alternative plan with respect to acceptance
by State and local entities and the public and compatibility with
existing laws, regulations, and public polices.

There must be a non-Federal sponsor capable and
willing to pay its share of the project cost.

The alternatives should be workable within the
constraints of present and potential governmental
arrangements in the project area.

Irreversible effects on the environment and
irretrievable commitments of nonrenewable resources
should be minimized and avoided, where possible.
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CHAPTER II - FLOOD CONTROL MANAGEMENT MEASURES

5. General. - A variety of measures to help increase the level of
flood protection in the American River Watershed were identified
by the Corps, the local sponsor, and by other interested
organizations and individuals. They were separated into measures
specific to the main stem American River and Natomas, and
non-traditional flood control. They include:

" Main Stem American River

- Increase Flood Control Storage Space in Folsom
Reservoir

- Increase Downstream Channel Capacity with Levee and
Channel Modification

- Increase Downstream Channel Capacity with Setback
Levees

- Perform Structural Modification to Folsom Dam
- Raise Folsom Dam
- Use Upstream Reservoir Storage Space for Flood Control
- Construct New Upstream Flood Control Storage
- Improve Flood Forecasting and Folsom Reservoir

Operations
- Construct Small Detention Facilities in the Upper Basin
- Construct Offstream Storage Facilities
- Construct Out-of-Basin Diversion Facilities
- Divert Floodflows into Sacramento River Deep Water Ship

Channel

" Natomas

- Construct Levee and Channel Improvements in and Around
Natomas Area

- Construct Compartment Levee in Natomas
- Construct Gated Structures and Pumping Stations
- Construct Detention Dams Upstream from Natomas
- Modify Fremont Weir
- Construct Sacramento River Constriction
- Construct New Natomas Cross Canal (NCC)
- Reduce Objective Release from Folsom Dam to Lower Stages

in Natomas East Main Drainage Canal (NEMDC)
- Construct a Detention Basin in North Natomas

"• Nonstructural

- Flood Proofing
- Flood Plan Evacuation
- Development Restrictions
- Flood Warning
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6. Main Stem American River. - 0

a. Increase Flood Control StoraQe Space in Folsom
Reservoir. - This measure would achieve an increase in the
existing level of flood protection along main stem American River
by seasonally increasing the flood space. This measure would
trade water conservation storage for flood control storage.

Reservoir routing studies were made to estimate the effects
of increasing the designated flood control storage space in Folsom
Reservoir over the current seasonal storage of 400,000 acre-feet.
Table B-1 includes the resulting estimates of increased flood
protection provided by this measure along the main stem American
River for storages of 500,000, 590,000, and 650,000 acre-feet.

TABLE B-1

INCREASING FOLSOM FLOOD CONTROL STORAGE CAPACITIES
OBJECTIVE OUTFLOWS OF 115,000 CFS

Flood Maximum Peak Outflows from Folsom
Control Objective Frequency For Given Events of
Storage Release of Control (1,000 cfs)
(1,000 (1,000 (Retun Period
acre-feet) cfs) - yrs) 100-yr 200-yr 500-yr

400 3 115 63 230 430 580
500 115 75 190 420 580
590 115 85 153 400 580
650 115 94 130 380 580

-LUse of surcharge reservoir storage was assumed in all routings.2 Along main stem American River.
3 Existing condition.

Table B-1 shows that through this measure, the maximum level
of increased flood protection obtainable along the lower American
River is about 94 years. This level of protection is obtained
assuming the existing objective release of 115,000 cubic feet per
second (cfs) and an increase in Folsom flood control storage to
650,000 acre-feet. Also included in this analysis is use of about
50,000 acre-feet of surcharge storage at Folsom and the
availability of 47,000 acre-feet of incidental storage in existing
upstream reservoirs operated by the Sacramento Municipal Utility
District (SMUD) and Placer County Water Agency (PCWA). Table B-1
also shows that the maximum peak outflow for a 100-year flood
event from such an operation would be 130,000 cfs. This flow
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level would test the capabilities of the existing levee system
downstream of Folsom Dam, just as occurred in the 1986 flood (peak
flow in 1986 flood was 134,000 cfs).

It is critical to understand that in order to control to the
levels of protection shown in Table B-l, encroachment into
reservoir surcharge storage is required. Allowing encroachment
into reservoir surcharge storage for the purpose of developing
flood control alternatives is contrary to standard engineering
practice. Reservoir surcharge storage space is typically provided
as a safety factor in the sizing of a reservoir. Surcharge
storage space is the space above the top of the flood control pool
(gross pool). Surcharge storage is not used during the design
phase of a project to reduce the required flood control space
below gross pool. It is a contingency for control of floods
larger than the reservoir design flood. Surcharge storage may be
utilized to obtain additional flood control effectiveness or safer
operation of an existing project in some cases; however, it is not
to be designated as part of the required flood control space.
This space provides a margin of safety in the event of unforseen
circumstances (e.g., uncertainties in hydrology and flood
forecasts, wave action from high winds or sloughing in reservoir
area). The consequence of not having adequate surcharge space is
a higher potential for dam overtopping.

0 Maximum frequency of control information provided in
Table B-1 is based upon Corps' hydrology. It is important to
recognize, however, that by using flow-frequency analysis
procedures adopted by the Federal Emergency Management Agency
(FEMA), an 85-year Corps-estimated event on the American River
would equal about a 100-year FEMA event. To approximate a FEMA
100-year protection level, Table B-1 indicates that 590,000 acre-
feet of storage is required in Folsom Reservoir. Again this
assumes 47,000 acre-feet of upstream storage available and an
encroachment into surcharge space of 50,000 acre-feet. It should
also be noted, however, that FEMA procedures would not consider
the 47,000 acre-feet in upstream reservoirs as available for flood
control purposes since that space is dedicated to power generation
purposes, not to flood control. Neither would FEMA procedures
allow use of surcharge space.

Storage of 675,000 acre-feet would be required in Folsom
Reservoir to control an 85-year (FEMA 100-year) event assuming
47,000 acre-feet of available space in upstream reservoirs without
surcharging. Storage of 725,000 acre-feet would be required in
Folsom Reservoir to control the 85-year event without upstream
space and without surcharging.

Increasing the seasonal flood space would result in losses of
existing project accomplishments (water supply, hydropower, and

* recreation) and adversely affect the environmental resources of
the area. Increased flood control storage would reduce the firm
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0
yield water supply available to the Central Valley Project (CVP)
and reduce the amount of energy available for sale to existing
Western Area Power Administration (WAPA) customers. Reduced
average water surface elevations would adversely impact existing
recreation activities at the Folsom Reservoir State Recreation
Area in the off-season periods, especially operations of the
marina and boat launch ramps. In general, because the reservoir
would in most years fill in the spring from snow melt runoff,
there would not be a large impact on peak summer recreation
activities. Recreation in the lower American River is moderately
impacted by reduced riverflows in the late summer.

Several water utilities obtain their water supply directly
from Folsom Reservoir. By lowering the average water surface
elevations, these entities are required to pump for longer
durations in order to deliver water to their customers. This is a
direct financial cost to these entities. Some of the water
utilities have contracts with the U.S. Bureau of Reclamation
(USBR) which require that agency to supply the water. The
additional pumping energy is obtained from the Folsom Powerhouse,
further reducing the amount of energy available for sale through
WAPA.

Lower reservoir volumes and reduced flows in the river create
higher water temperatures which adversely affect survival of the
natural and hatchery fall-run salmon in American River. Low flows
can further reduce available spawning habitat for natural spawning
in the river, thereby concentrating fish in remaining habitat and
allowing increased predation. The loss of cold water resulting
from reservoir storage changes would also essentially eliminate
the cold water fishery of the reservoir. Changes in downstream
flows in spring and winter are expected to adversely affect the
survival of wetland vegetation species in the lower American
River, creating a gradual shift from high value riparian species
to lesser value upland and grassland species.

b. Increase Downstream Channel Capacity With Levee And
Channel Modifications. - This measure would consist of increasing
the objective release from Folsom Dam to allow better management
of the flood space. It would require increasing the height of the
levees, stabilizing the existing levees (i.e., levee strengthening
through lengthening and installation of toe drains, etc.) and
placing additional bank protection along the American River to
allow the greater safe releases. It would also require
lengthening the Sacramento Weir and raising levees along reaches
of Yolo Bypass to accommodate the greater safe release from Folsom
Dam. Up to a 100-year (Corps) level of protection could be
achieved with this measure. Routing studies were made to estimate
the potential increase in flood control for the existing flood
control storage space of 400,000 acre-feet with objective releases
of 115,000, 130,000, 150,000, and 180,000 cfs. This study
included an analysis of the effects of combining the increased
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* flows with the previously discussed measure of increased storage
at Folsom Lake. Table B-2 includes a summary of the increased
levels of downstream flood protection provided by these measures,
singly and combined. Again, these measures were developed
assuming use of Folsom surcharge space and 47,000 acre-feet
storage in existing upstream storage facilities.

Levee raising or placement of bank protection on the
waterside face of the levee or riverbank would require little, if
any, right-of-way. Also, there would be little interference with
adjacent residential, commercial, and public developments. Any
work on the landside levee face would require acquisition of a
permanent right-of-way for construction and operation.

TABLE B-2

INCREASING FOLSOM OBJECTIVE OUTFLOWS
WITH ALTERNATIVE FLOOD STORAGE CAPACITIES 1

Flood Maximum Peak Outflows from Folsom
Control Objective Frequency for Given Events of Control
Storage Release of Control (1,000 cfs)
(1,000 (1,000 (Return Period

acre-feet) cfs) - yrs) 100-yr 200-yr 500-yr

400 2 115 63 230 430 580
500 115 75 190 420 580
650 115 94 130 380 580

400 130 75 210 430 580
500 130 84 170 410 580
650 130 102 130 370 580

400 150 88 180 420 580
500 150 97 160 400 580
650 150 113 150 350 580

400 180 100 180 400 580
500 180 108 180 380 580
650 180 125 180 340 580

1 Use of surcharge reservoir storage was assumed in all routings.2 Existing condition.

Depending on the level of objective releases, there would be
losses of riparian vegetation along the American River Parkway.
These losses could result in impacts to fish, wildlife,

* recreation, and endangered species resources as well as the status
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of the river as a component of both the Federal and State wild and
scenic river systems. The increased flood storage space in Folsom
Reservoir would result in reservoir and downstream impacts as
described for the previous measure.

c. Increase Downstream Channel Capacity with Setback
Levees. - The first 5 miles of the north levee of the American
River, beginning at the mouth, were constructed an existing
setback of about 1,700 feet. Increased releases from Folsom Dam
could be accommodated by widening the channel enclosed by levees
along the full length of the American River to Nimbus Dam. The
channel widening could be accomplished by relocating the existing
14.1 mile north levee or relocating the existing 10.9 mile south
levee. Relocating either levee would affect 10 bridge crossings
including the Interstate 5, Interstate Business 80 and State
Highway 160 bridge crossings, the Western Pacific and Southern
Pacific Railroad crossings, several major thoroughfare crossings
and one pedestrian/bike crossing. The Sacramento Regional Transit
District Light Rail transportation system, a key element of the
local public transportation system, would also be impacted. The
impacts to the bridge crossings and Light Rail would significantly
disrupt transportation in the area. The increased flows and
velocities within the channel would impact wildlife habitat, cause
loss of riparian vegetation, reduce the recreational value of the
American River Parkway, and could affect the status of the
American River as a component of both Federal and State wild and
scenic river systems. This project would also require the
following: additional bank protection and levee stabilization
along the American River, modify the Sacramento Weir, and raising
sections of the Sacramento River and Yolo Bypass levees as in the
measure to increase downstream channel capacity with levee and
channel modifications.

A computerized hydraulic analysis was made of the potential
to reconstruct the downstream levee system through Sacramento. An
objective of the analysis was to widen the levee system enough so
that the river stage for a discharge of 180,000 cfs would be no
greater than that for the current system design capacity of
115,000 cfs. It was found, however, that even widening the
channel as much as 2,000 feet, the flow stage of a discharge of
115,000 cfs in the existing channel would be significantly
exceeded by the river stage for a discharge of 180,000 cfs in the
widened channel. Increasing the levee height in addition to a
2,000 foot setback would accommodate the discharge 180,000 cfs
flow while maintaining design freeboard. Using a smaller setback
with an appropriate increase in levee height could accommodate the
increased flow while maintaining design freeboard and reduce
impacts to existing development. However, the increased height
would be significant and detailed engineering analysis would be
necessary to evaluate the stability of levees at such increased
heights.

B-10



O The proximity of development to the existing levees prohibits
relocating the north or south levee without significant impacts.
There are less than 3 miles of levee within the entire reach
without adjacent development which would be impacted by removing
and relocating the levee. Expanding these 3 miles alone to the
limits of development would not contribute significantly to
increasing the channel capacity since they are not contiguous and
the setbacks would be less than 2,000 feet.

Relocating the north levee involves removing the existing
levee and reconstructing a new levee an additional 2,000 feet
further away from the river. It also requires extending it over
1 mile to tie into high ground and to maintain a smooth transition
to the upstream floodway. This relocation would directly impact
nearly 3,500 acres. This area includes approximately 6,000 single
family residences, 2 elementary schools, 2 high schools, several
apartment complexes and over 150 commercial and industrial
properties. The relocation would also affect the California State
Exposition Center, the City of Sacramento's sewage treatment
facility, one church, existing roads, and other infrastructure.
Approximately 500 additional acres of residential, commercial and
industrial properties would be impacted by the realignment of
State Highway 160, the Sacramento Regional Transportation District
Light Rail and the relocation of several major thoroughfares and
related infrastructure.

Relocating the south levee involves removing the existing
levee and reconstructing a new levee an additional 2,000 feet
further away from the river. It also requires extending it over
2 miles to tie into high ground and to maintain a smooth
transition to the upstream floodway. This relocation would
directly impact nearly 2,700 acres. This area includes
approximately 5,000 single family residences, 4 elementary
schools, several apartment complexes and over 140 commercial and
industrial properties. The relocation would also affect the
California State University, Sacramento campus; State Highway 50
and the adjacent Sacramento Regional Transit Light Rail corridor;
the Sacramento City water treatment plans; 2 churches; a fire
station; existing roads; and other infrastructure. About 800
additional acres of residential, commercial and industrial
property would be affected by the realignment of State Highway 50,
the Sacramento Regional Transit Light Rail corridor, the Southern
Pacific Railroad, several major thoroughfares and related
infrastructure.

Activities related to the construction of the setback levees
would impact wildlife habitat of the American River which has been
Federally designated as a critical habitat for the valley
elderberry longhorn beetle. The area is also a known habitat of
the bank swallow and Swainson's hawk which are both State

* threatened species. Other species of special concern which could
be impacted by construction activities within the area include the
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great blue heron, the great egret, the black shouldered kite,
Coopers hawk, and the burrowing owl. Construction activities
could also affect prehistoric, historic, and culturally
significant sites within the project area. There are 13
prehistoric sites on the north bank and 7 prehistoric sites on the
south bank, but more information is needed to assess the potential
of historic and cultural resource impacts.

d. Perform Structural Modifications to Folsom Dam. - This
measure involves increasing the flood control operating efficiency
of Folsom Dam through modifying the existing spillway. One method
would be to lower the crest of the spillway. This would allow
greater flows to be released earlier in the flood event. Initial
investigations of the effects of lowering the spillway have shown
that, by itself, lowering the spillway 10 or 15 feet has little
effect. Additional reservoir operation studies were conducted to
determine the potential for controlled objective releases of
115,000, 130,000, 150,000, and 180,000 cfs using storage spaces of
400,000, 500,000, and 650,000 acre-feet in Folsom and lowering the
spillway 15 feet. The results of these studies are included in
Plate 2. As can be seen on the plate, this measure would increase
the degree of downstream protection only slightly when considered
in conjunction with the various objective releases but fairly
significantly for greater levels of space dedicated to flood
control.

Lowering the spillway would be accomplished one bay at a time
and would therefore require longer than one construction season to
complete. It is estimated that the degree of downstream flood
protection would be reduced slightly during construction due to
the limited spillway capacity. It should be mentioned that
lowering all eight bays at Folsom would permit full regulation of
the probable maximum flood event. No vehicles could move across
the dam during the construction period. There would be no known
long-term impacts on water supply, hydropower, recreation, or
environmental resources from this measure.

e. Raise Folsom Dam. - Increased flood control storage space
could be accomplished by raising the height of Folsom Dam and
related structures. The resultant increased storage capacity,
when allocated for flood control purposes, would increase the
level of protection downstream.

The topography of the existing Folsom project site required
the construction of the main dam, eight dikes, two wing dams, and
one auxiliary dam, to contain the reservoir storage. The use of
the dikes is an indication of the extent the existing reservoir
was increased beyond the natural capacity of the site. Folsom Dam
consists of a 340-foot-high concrete gravity section across the
American River. It is 1,400 feet long, including the spillway.
There are wing dams on either side of the main concrete section
totalling 8,800 feet in length. Mormon Island Dam, an auxiliary
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dam, crosses Blue Ravine about 2.5 miles east of the main dam. It
is a rolled earthfill dam with an embankment section composed of
dredge tailings and a narrow impervious center core. This
auxiliary dam is 110 feet high and 4,820 feet long. The eight
dikes along the perimeter of the reservoir total 11,655 feet in
length. The dikes are composed of a rolled impervious earthfill
embankment section with protection rock blankets on the waterside
and landside slopes. Individual lengths vary from 740 to
2,060 feet, while heights vary from 10 to 100 feet. The existing
reservoir gross pool storage capacity is 1,010,000 acre-feet,
including 400,000 acre-feet allocated for flood control.

Enlarging Folsom Reservoir using structural features would
require approximately 190,000 acre-feet of additional flood
control storage to contain the 100-year (FEMA) event. An
additional 500,000 acre-feet of flood control storage (above the
existing flood control storage allocation) is needed to contain
the 200-year event. This measure examines the potential of
providing this increased flood protection by increasing the height
of Folsom Dam and its associated facilities and allocating storage
above elevation 427 for flood control. This elevation is the
bottom of the existing flood control pool elevation and allows
maintaining current allocations within the reservoir associated
with other purposes (e.g., water supply).

Increasing the height of Folsom Dam, the auxiliary dam, and
the eight dikes about 20 feet would provide an increased storage
capacity of 190,000 acre-feet. The addition of this increased
storage would control the 100-year (FEMA) event. The quantity of
material needed to raise these structures would be about
12,500,000 cubic yards. Increasing the height of Folsom Dam, the
auxiliary dam and the eight dikes about 50 feet could provide an
increased storage capacity of 590,000 acre-feet. The addition of
this increased storage contain the 200-year eVent. The quantity
of material needed to raise the structures 50 feet would be about
27,000,000 cubic yards. Increasing the heights of the dikes by
20 or 50 feet would also require appropriate lengthening of these
structures in order to tie into high ground. It should be noted
also, however, that the quantity of material necessary to raise
the structures could increase significantly if existing structures
are found to be structurally inadequate to raise, thereby
requiring complete reconstruction.

Attempting to increase the storage capacity of the existing
Folsom Reservoir would cause several problems. The increased
storage during flood events would inundate areas outside the
existing project boundaries unless additional dikes are
constructed at several locations along the perimeter. The areas
which would be inundated by raising the structures 20 feet include
over 15 residential and commercial structures, recreational

* facilities, fire access roads, the Zantgraf Mine, the PG&E
Newcastle Powerhouse, Salmon Falls Road, and 2 cemeteries. The
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realignment of Salmon Falls Road would impact additional
residences as well as nearby wetlands. Additional areas would be
inundated by an increased height of 50 feet.

The construction of higher dikes increases the susceptibility
to embankment failure during flood events. The increased heights
of the embankments in combination with the assorted soils used in
their construction affect the factors of safety for stability
incorporated within the original embankment designs. Such
considerations include the structural stability of each embankment
at the increased heights and susceptibility to seismic
liquefaction. Foundation material density too is also important
to determine the effect of increased embankment heights on
internal stresses. Of particular concern, is the Mormon Island
Auxiliary Dam which has been the subject of extensive seismic
reconstruction work.

The quantity of material necessary to raise the facilities
would require extensive borrow areas. Since the size of the
borrow areas and transportation of the material for construction
would pose significant logistical problems, it would likely come
from the reservoir storage area. This would reduce the impacts
associated with the borrow areas, but would significantly impact
Bureau of Reclamation Central Valley Project water and power
operations. The reservoir would have to be drawn down for a
construction period of several years to maintain availability of
these sites which would impact the CVP power production capability
as well as their ability to control downstream flows and
temperatures. The reduced water level would restrict recreational
opportunities in the reservoir and adversely affect operations at
the Nimbus Fish Hatchery. Environmental resources and
recreational opportunities along the lower American River would
also be impacted by reduced water levels.

Construction activities would impact reservoir operations,
recreational facilities, and critical infrastructure. Waterside
construction would require temporary reduction of water levels
that are normally stored in the reservoir, thereby affecting the
water supply for recreational opportunities and CVP operations.
Landside construction would directly impact the North Fork
Pipeline (water supply for the City of Folsom and Folsom State
Prison), Folsom Dam Road, and Green Valley Road. Construction
would also restrict access to picnic and camping areas in the
project area. The relocation of two 230 kv electrical
transmission lines, the Orangevale Lake and White Rock/Orangevale,
on the western boundary of the reservoir may be necessary to
accommodate construction activities. Construction could also
affect prehistoric, historic and culturally significant sites
within the project area.

0
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f. Use Existing Storage Space in Upstream Reservoirs for
Flood Control. - Storage in existing reservoirs, upstream of
Folsom Dam, was considered when analyzing the flood threat and
determining the amount of flood control space required for control
of a given flood. The upstream storage space that can reasonably
be expected during a major flood event was determined in the five
major upstream reservoirs, French Meadows, Hell Hole, Loon Lake,
Union Valley, and Ice House. These non-Federal reservoirs account
for about 90 percent of the total upstream storage. They were
constructed and are operated for hydropower generation and water
supply. They do not include dedicated space or physical features
for flood control operation.

The owners and operators of these reservoirs were contacted
about their willingness to operate the facilities for flood
control. They have stated that they are not interested in
operating for flood control for the following reasons: (1) water
rights concerns due to lost water supply, (2) significant loss of
hydropower generation potential and associated costs for providing
alternate sources of power, (3) inaccessibility during storm
periods, and (4) costs associated with structural modifications
for flood control operations. Also, the SMUD has recently changed
the operation of its three reservoirs--Loon Lake, Union Valley,
and Ice House--to that of maximizing storage for base load power
generation. This would reduce the potential space available for
flood control.

In addition to the above mentioned operational constraints,
the location of these reservoirs limit their effectiveness in
controlling large floods. All the reservoirs are high in the
basin and control 14 percent of the drainage area above Folsom
Dam. Historically, on a seasonal basis (October 1 through
September 30), they control 15 percent of the total runoff into
Folsom Lake. During major floods, as little as 12 percent is
captured during the critical 3 to 5 days of the flood event, with
an average of 18 percent captured for the entire duration of the
flood. The storm centering dictates the percentage captured.

The upstream storage was analyzed using data from 21 years of
record, 1966 through 1986, during the rain flood season. The rain
flood season starts October 1 and ends May 31. The historical
record shows that Union Valley, Ice House, and French Meadows
Reservoirs are full or nearly full over half of the time by the
end of the rain flood season. In terms of available space
upstream, 52,000 acre-feet, 8 percent of the total of all the
storage space in the five reservoirs (about 665,900 acre-feet) is
normally available at the end of the rain flood season. These
reservoirs usually reach their lowest levels during December and
start to store with the first storm that produces runoff. The
operational goal is to maintain the reservoirs as full as possible
throughout the flood season. Records have shown that all of these
reservoirs, except Loon Lake, have filled at least once by the
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middle of January and remained full until the end of the flood
season. These records also show that during the 1982, 1984, and
1986 major flood events most of these reservoirs filled and or
spilled. Table B-3 is a tabulation of these events.

TABLE B-3
UPSTREAM STORAGE

1982, 1984, 1986 EVENTS WITH RESPECT TO THE 15-DAY
MAXIMUM EVENT AT FOLSOM LAKE

Upstream Storage - Percent Full
After Start Date

Start Date Date Filled After After After After
At Folsom and/or Spilled Start 7 Days 15 Days 30 Days

February 14, 1982
French Meadows Feb 15 91 103 101 101
Hell Hole Feb 16 85 100 100 100
Loon Lake May 26 29 47 52 58
Union Valley Feb 16 87 89 99 101
Ice House Mar 22 50 77 85 97

December 24, 1984
French Meadows Dec 30 84 102 102 97
Hell Hole Jan 6 88 98 100 95
Loon Lake Dec 26 96 98 97 93
Union Valley Dec 25 99 102 100 93
Ice House ------ 10 22 28 36

February 14, 1986
French Meadows Feb 19 62 102 103 102
Hell Hole Mar 8 65 94 96 100
Loon Lake ------ 57 80 86 94
Union Valley Feb 19 73 103 103 102
Ice House Mar 2 62 98 98 101

NOTES:
1. Upstream winter reservoir capacities are: French Meadows
Reservoir-110,700 acre-feet; Hell Hole Reservoir-207,600
acre-feet; Loon Lake-76,500 acre-feet; Union Valley
Reservoir-235,100 acre-feet; and, Ice House Reservoir-36,000
acre-feet.
2. Values over 100 percent mean the reservoirs were full and
spilling.
3. Loon Lake has a small drainage area (8 square miles) and
a large storage capacity. The reservoir rarely fills during
the rain flood season and captures less than 1 percent of the
runoff into Folsom Lake. This reservoir is not effective for
flood control.
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The outlet capacity of the reservoirs is extremely small.
Each reservoir is capable of releasing only a few hundred cubic
feet per second through the powerhouse to the river. In some
cases, backwater effects below the powerhouse inhibit releases
being made during a flood event. This happens when the stilling
basin below the powerhouse becomes inundated, requiring that
operation of the turbines cease in order to avoid damage to the
facilities. Historically, large releases have only occurred when
the reservoirs are spilling. Often, this has happened at an
undesirable time, such as during the peak flood period. Inter-
basin transfer only diverts the water into an adjacent reservoir.
In effect, a series of minor storms could exhaust essentially all
of the storage space in these reservoirs, if the storms occurred
prior to the main flood wave.

A series of storm fronts typifies the major Pacific storm
systems in this region. Many storms are preceded and/or followed
by other storms. Operational studies must therefore not only
consider the largest flood event in the series but also the
potential for smaller events infringing on space in the
reservoirs. For these reasons, there is an inherent risk when
determining available incidental upstream space; space not
dedicated to flood control but expected to be available prior to
any major flood event.

(1) Incidental Flood Control Storage Available Under
Historical Operations. - In order to determine the amount of
available incidental space in upstream reservoirs that can
reliably be considered available for flood control purposes
several factors have to be considered. The frequency, duration,
and type of flood a reservoir can control is determined by the
outlet capacity of the dam, the downstream channel capacities, and
the operating criteria. Based on these factors, the critical
duration for controlling the 100-year rain flood into Folsom Lake
is eight days. However, if incidental upstream storage is to be
considered for flood control purposes, periods of 15 to 30 days,
or more, must be examined.

Incidental space in the major upstream reservoirs was
calculated using the historical high flow periods during 21 years
of record, 1966-1986. The amount of storage that actually existed
before each event was determined. The analysis considered the
effect of storage in each reservoir during these historical flood
events. Based on discussions with representatives of the PCWA, it
was assumed that future operation of their reservoirs, French
Meadows and Hell Hole, would be similar to past operation.
However, as stated earlier, SMUD has now changed its operation so
that less space will be available. This was a recent development
and was therefore not available during the analysis.

The available space in these reservoirs, below spillway
crest, was tabulated for the period prior to the maximum 15-day

B-17



inflow into Folsom Lake. This was done for each year of record.
French Meadows, Union Valley, and Ice House Reservoirs have
spillway gates; however, for dam safety reasons, the operating
agency is required to open the gates fully by November 1. The
gates are not closed until after April 1. For this reason, only
empty space below the spillway crest was considered. The upstream
storage was calculated by the following process:

For each year, since completion of the five major
reservoirs (21 years of record), the largest 15-day
runoff flow period was determined.

The storage in each reservoir, at the beginning of the
15-day flow period, was obtained.

The empty storage space available in each reservoir, at
the beginning of the maximum 15-day flow period, was
then computed for each year, see Table B-4. The space
available in each reservoir was also totalled for each
year and presented in Table B-4. This total represented
the maximum storage space potentially available in these
upstream reservoirs.

These total storage space amounts, for each year, were
evaluated statistically to determine the probability of
availability of a specific storage amount during a given 0
year.

Based on this analysis, an initial estimate of 47,000 acre-
feet of usable space was determined. This amount represents the
sum of the minimum amounts, in each upstream reservoir, for the
21 years of record. The minimum in each reservoir did not
necessarily have to occur during the same year. Later, under
closer examination, the minimum amount was determined to be
slightly less, as shown below:

Beginning Date Storage Available

Reservoir of Annual Flood (Acre-Feet)

French Meadows Dec 28, 1966 8,800

Hell Hole Dec 24, 1984 25,300

Loon Lake Dec 24, 1984 2,800

Union Valley Dec 24, 1984 3,400

Ice House Jan 14, 1970 5,100

Total of Minimums 45,400

B
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The single year with the least amount of space since 1966 was
1984. The beginning of the maximum 15-day runoff period was
December 24, 1984. On this date, the total empty space in the
five upstream reservoirs was 81,800 acre-feet. The amount of
effective space that would reduce a major flood, if it were to
occur that year, was only 68,900 acre-feet. Much of the storage
space in Ice House Reservoir was ineffective because its drainage
area did not produce enough runoff to fill all of the available
space. Also, under SMUD's new operation plan, Loon Lake, Union
Valley, and Ice House would have even less than 50,000 acre-feet
available.

Two different graphical statistical analyses were conducted,
which confirmed using 47,000 acre-feet of space. The first
analysis used total available storage at the beginning of the
15-day event, as computed above (the second to last column in
Table B-4). This data was plotted in descending order on
probability paper. A best fit line was graphically drawn through
the points. As a result, the 47,000 acre-feet of storage was
about a 30-year event.

The second analysis used adjusted data with respect to area
and storm depth distribution of a 100-year flood. It was assumed
the storage was available at the beginning of an 8-day, 100-year
rain flood, and that the five upstream reservoirs would capture
12 percent of the runoff from this flood into Folsom Lake, or
about 200,000 acre-feet. Only 12 percent of the maximum 3 days of
unregulated runoff, during the February 1986 flood, was captured
by the five upstream reservoirs. The storage data was adjusted to
reflect the amount available in each reservoir, for each year, at
the start of the maximum 15-day flow period. The storage was
distributed according to the drainage areas above each of the
reservoirs. A new tabulation was made of the sum of the new
storage for each year. These values were plotted as described
above (the last column in Table B-4). A best fit line was
graphically drawn through the points. The resulting frequency for
47,000 acre-feet was a 25-year event.

SBoth 25- and 30-year storage events are a reasonable
concurrent occurrence at the beginning of a 100-year event. It is
possible, under extreme circumstances, these reservoirs could have
less storage available. Above these reservoirs, historical
distributions of runoff during major floods has varied by as much
as 25 percent. Even more variable is the upstream percentage of
runoff on a daily basis, during any single flood event. Daily
ratios can vary from 0 to 30 percent of the unregulated flow, at
Fair Oaks, during the course of the flood event. The result may
mean as much as 100,000 acre-feet of additional upstream space
would be necessary to account for this variability.
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In order to assess the reasonableness of this analysis, other
approaches were studied: (1) A regression analysis was performed
in an attempt to establish a relationship between flood flow
volume and upstream storage space, prior to a storm. This
analysis resulted in low correlation, and low coefficients, and
therefore was not used; (2) During major flood events, the number
of days until peak inflow occurred into Folsom Lake was
determined, using the 82 years of flow record at Fair Oaks. This
helped to establish criteria for flood routings; (3) An analysis
of storm runoff distributions in the upstream reservoirs for
different durations was performed. This was helpful in
identifying runoff percentages between each of the five upstream
reservoirs, and between the upstream reservoirs and the total
basin yield, and (4) Storage duration curves for Folsom Lake and
for the upstream reservoirs were examined. This helped to
understand historical operation of these upstream reservoirs.

As a result of the above analyses, it would be unwarranted to
rely on more than 47,000 acre-feet of effective incidental space
being available upstream, during a major flood event. Upstream
storage space must be distributed in an effective manner when
needed, during the main flood wave. The 47,000 acre-feet is
generally not available throughout the season (i.e., there is more
than 47,000 acre-feet during the months of September through
November), but as winter storms occur runoff diminishes the

* upstream storage space. Generally, during the months of January,
February, and March, the upstream reservoirs start filling.
Historically, they have filled and spilled several times. Once
the reservoirs have filled, they loose their effectiveness to
store runoff from subsequent storms because of their limited
outlet capacity. The small outlet capacity severely limits the
drawdown capabilities of each reservoir. Whether upstream space
is effectively utilized, when needed, is also dependent on the
following variables:

The distribution of the storm center could impact some
of the reservoirs, but possibly not others. Several of
the reservoirs may fill and spill while appreciable
space may remain in other reservoirs even after a flood.

The snow pack on the drainage area of each upstream
reservoir may vary, which will impact on the runoff into
the reservoir during the storm event.

The freezing temperature elevation in the mountains will
vary during each day, which will change the nature of
the precipitation that will fall (rain/snow).

The storm centerings will vary with each storm front
that moves into the American River basin. This would
impact the amount and distribution of inflow into the
upstream reservoirs.
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(2) Acquired Flood Control Storage Reauiring Changes to
Historical Operations. - These non-Federal reservoirs were
constructed and are operated for hydropower generation and water
supply. They do not include dedicated space or physical features
for flood control. An order-of-magnitude estimate was prepared of
the amount of storage space required in the five upstream
reservoirs in conjunction with Folsom Reservoir to control the
100-year flood along the main stem of the American River. The
results are shown on Plate 3. As can be seen from this plate,
this level of protection can be achieved through a number of
combinations of either increased Folsom objective releases in
addition to storage and/or increased Folsom objective releases in
addition to storage acquired in the upstream reservoirs.

SMUD and PCWA were requested to estimate the impacts to their
reservoir system should a total of 200,000 acre-feet of flood
control space be acquired in them. SMUD estimated that the use of
85,000 acre-feet of storage in Loon Lake, Ice House, and Union
Valley Reservoirs would result in an energy loss over a 30-year
period (beginning in 1990) costing between $150 and $300 million.
PCWA was unable to estimate the precise economic impact to their
system of the use of 115,000 acre-feet of storage in French
Meadows and Hell Hole Reservoirs. However, impacts to hydropower
similar to that estimated by SMUD would seem reasonable. Assuming
(1) impacts at the PCWA would be similar to SMUD's and (2) the
cost to acquire the space would be similar to the economic loss in
hydropower generation, a major first-cost element of this aspect
of the measure could amount to between $350 and $700 million.

Coupled with the impacts on hydropower at the reservoirs is
the fact that the outlet works of each would need major
modifications in order to be capable of evacuating the flood space
in a timely manner. On the basis of cost estimates for other
projects, it is likely that modification of each of the outlet
works could be about $10 to $20 million. Assuming $550 million to
acquire the space and $15 million to modify each of the outlet
works, cost of this measure would be on the order of $625 million.
Assuming (1) a 100-year level of downstream flood protection
(200,000 acre-feet of effective seasonal flood control storage in
the upstream reservoirs and 500,000 acre-feet in Folsom
Reservoir), (2) a 6 percent allowance on the costs for operation
and maintenance, and (3) costs associated with Folsom reoperation,
the annual costs of this measure would exceed the flood control
benefits.

It should be stressed that there are many variables that
affect the determination of the amount of storage available in the
upstream reservoirs, for both incidental use of the space and
acquired use of space. A change in the flow distribution above
the upstream reservoirs, due to variations in the distribution of
reservoir space and/or storm centering, can significantly affect
the results of the routings determining the amount of space
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. available or required. All the reservoirs are high in the basin
and control only 14 percent of the drainage above Folsom
Reservoir. Historically on a seasonal basis (October 1 through
September 30) they account for 15 percent of the total runoff into
Folsom Reservoir. During major floods as little as 12 percent is
captured during the critical 3 to 5 days of the flood, with an
average of 18 percent of the entire duration of the flood. An
increase in the rate of inflow into the upstream reservoirs could
cause the space to be exhausted early in the storm, prior to the
peak. An antecedent flood or small wave prior to the main wave
for a given series of storms, critical for the upstream
reservoirs, could exhaust a significant amount of space upstream.
A series of storm fronts typifies the major Pacific storm systems
in this region. Many storms are preceded and/or followed by other
storms. Operational studies must therefore not only consider the
largest flood event in the series but also the potential for
smaller events infringing on space in the reservoirs. This is
extremely important for these reservoirs because drawdown rates
are low, due to the limited outlet capacities. Following a storm
event, it may take well over a month to evacuate the space
upstream, and then only if the owners and operators were inclined
to do so. Failure to evacuate the space, prior to a major flood,
would mean increased surcharge with a recommended increase in
releases at Folsom.

The 100-year (FEMA) flood, assuming an 18 percent flow
capture rate, could be controlled with 400,000 acre-feet of flood
space in Folsom, 5,000 acre-feet of surcharging, and 200,000
acre-feet of effective storage upstream. This is true only for
the following factors: (1) there is no variability in the flow
rate into these reservoirs (significant variation inflow rates
between reservoirs and over time has historically occurred),
(2) all of the 200,000 acre-feet of space is utilized
(historically, even if a significant amount of space was
available, in many cases, it was not filled during the critical
peak-flow period because the inflow into these reservoirs was not
great enough), and (3) the 200,000 acre-feet of upstream space
must be available just prior to the peak-flow period (typically,
small storms preceding a major flood event encroach on the storage
space upstream). However, historically the flow capture rate is..
12 percent during the critical 3 to 5 day period of the major
flood events. This relatively small change in the flow capture
rate at the upstream reservoirs, translates to major operational
impacts in Folsom Reservoir. This change results in a requirement
to use nearly 50,000 acre-feet of surcharge space (rather than
5,000 acre-feet) and also requires increasing maximum outflow from
115,000 cfs to 122,500 cfs. These results are consistent with the
above mentioned factors. It must further be emphasized that to
assure 200,000 acre-feet of effective storage in the upstream
reservoirs, it may be necessary to have upwards of 300,000
acre-feet of available space to account for any variability.
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In addition, it should be noted that the owners and operators
of these upstream reservoirs were contacted about their
willingness to operate the facilities for flood control. The
owners have said that they are not interested in operating the
reservoirs for flood control because of (1) water rights concerns
and lost water supply, (2) significant loss of hydropower
generation potential, (3) inaccessibility during storm periods,
and (4) the costs associated with structural modifications for
flood control operations. In addition to these owner and operator
constraints, SMUD has changed the operation of its three
reservoirs to that of maximizing storage for base load power
generation. This would reduce the potential creditable space for
flood control.

g. Construct New Flood Control Detention Upstream from
Folsom Reservoir. - This measure involves creating new detention
space for flood control upstream from Folsom Reservoir. Potential
detention sites in the upper American River basin are listed in
Table B-5. The most practical location for an upstream detention
facility with a capacity large enough to provide flood space
necessary to significantly reduce downstream flood flows is on the
North Fork of the American River, below the confluence of the
North and Middle Forks in the vicinity of the Auburn Dam site (see
Appendix J). Numerous agencies including the DWR, USBR, and local
water agencies have evaluated potential sites in the area.

TABLE B-5

POTENTIAL DETENTION SITES IN THE UPPER AMERICAN RIVER BASIN

Av. Ann.
Drainage Runoff Detention
Area (acre- Capacity

Site Stream 1 (sq mi) feet/yr) (acre-feet)

Granite Canyon N.F. 96 226,000 300,000
Giant Gap N.F. 200 396,000 650,000
Growlersburg M.F. - Canyon Cr. 12 13,900 17,500
Salmon Falls S.F. 807 940,000 2 200,000 3
Alder S.F. - Alder Cr. 19 18,600 80,000
Auburn N.F. and M.F. 982 1,486,000 2,300,000

-'N.F. - North Fork American River
M.F. - Middle Fork American River
S.F. - South Fork American River

2 Does not include adjustments for upstream regulation.
Maximum capacity which will not inundate Gold Discovery site
at Coloma.
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SThe Corps reviewed the existing geologic, hydrologic, and

engineering studies to identify the best locations for new
upstream detention facilities. Based on this information, it was
concluded that the most logical site for a new flood control
detention facility is the location of the present USBR project at
Auburn.

Studies have concluded that effective additional flood
control detention capacity can be achieved at or near the Auburn
Dam site.

Estimated average annual flood control benefits for various
levels of flood protection and the estimated first and annual
costs of a new flood control dam sized to provide those levels of
protection are provided later in this report.

This measure would have no known significant adverse impacts
on recreation, water supply, or hydropower at Folsom Lake. A
single-purpose dam would allow temporary inundation of lands
behind the structure; fewer acres of terrestrial habitat and miles
of stream would be affected than with the authorized full-sized
Auburn project.

h. Improve Flood Forecasting for Folsom Reservoir
operations. - This measure includes modifying the flood control
o peration of Folsom Dam and Reservoir to rely more heavily on
weather forecasting and making flood control a priority operation
of Folsom Dam. Prior to, and as a result of, the February 1986
flood, various claims were made that Folsom Dam and Reservoir was
not properly operated for flood control. It has been claimed that
more efficient operations could control larger flood events.

State-of-the-art runoff forecasting technology is currently
used in the operation of Folsom Dam and Reservoir. This
forecasting includes projections of inflow into Folsom Reservoir
from the watershed. Forecasts are issued by the California-Nevada
River Forecast Center (CNRFC) and State Department of Water
Resources. Inflow forecasts are generated as needed during flood
events by the Bureau of Reclamation, CNRFC, and DWR personnel.
The current system includes 12 telemetered weather monitoring
stations within the upper watershed. These stations transmit
pertinent data on rain, snow, and temperatures to the National
Weather Service River Forecast Center in Sacramento. This
information, along with computed bi-hourly inflow estimates and
information regarding antecedent watershed moisture conditions, is
fed into complex meteorological models from which projections of
inflow to Folsom Reservoir are made. Forecasts are made for one
or more 6-hour periods, up to 24-hours.

Despite the sophistication of meteorological technology,
weather forecasts are not currently precise enough to operate a

Sreservoir for even a 6-hour period following the prediction. The
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Weather Service's Quantitative Precipitation Forecast (QPF) is
used to indicate the intensity of a storm up to a 24-hour period.
Converting this information to reliable information regarding
inflow into Folsom Reservoir has proved to be difficult.
Converting precipitation forecasts to inflow forecasts is limited
by uncertainties in storm related factors such as timing,
intensity, and trajectory. Actual inflows may vary considerably
from those predicted from the QPF. Furthermore, 24-hour forecasts
are not consistently reliable over the full 24-hour period.
Experience has shown that the first 6-hour period of a forecast is
not always accurate, and predictions for the last 12-hour
increment of a 24-hour forecast can only be used as a general
indicator of potential conditions. Consequently, it is impossible
for dam operators to reliably determine whether increased flows
during the first 6-hour period will dissipate in the next 6- to
8-hour period. There is a high degree of error in predicting
storm tracks as the fronts move into northern California, as was
experienced in February 1986. Storm fronts tend to move in a
south-easterly direction through the State, but can, on occasion,
stall out and stay in one latitude. The location of this latitude
can vary from event to event. Given current predicting
capabilities, rapidly evacuating Folsom's flood control space
whenever there is a hint of a large incoming storm would, on net,
be highly inefficient and in many cases not good operation.

It is possible that anticipatory releases could be made from
Folsom Reservoir based upon measured runoff occurring in the
watershed. However, dam operations are legally constrained in
that large releases should not exceed maximum inflow rates that
have recently occurred into the reservoir. A legal liability
could be incurred if releases exceed inflow, and downstream
damages occur. A case could be built that natural inflows would
not have caused the same damage. Hence, the damage would have
been operationally induced, leaving liability for damages in the
hands of the operators. Anticipatory releases early in a storm
would be limited by the ability to predict, through a proven
meteorological model, accurate basin runoff. Operational
decisions must be made considering not only flood inflow
forecasts, but also downstream channel conditions, the combined
effects of releases from other reservoirs, and the need for giving
downstream interests advanced warning.

Present restrictions to allow early releases are confined to
the ability to calculate inflow into Folsom Reservoir. Under the
current system, inflows are calculated using reservoir water
surface elevation and elevation-capacity information for the
reservoir. By measuring the change in volume of stored water over
a period of time (usually a 2-hour period), the inflow rate can be
calculated. The time required to make this calculation further
restricts the efficiency of timely releases.

0
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Determination of inflow rates could be improved by the
establishment of an extensive telemetered stream flow gaging
system within the upper basin. However, efficiencies of such a
system would continue to be constrained by physical capabilities
of the existing outlet works, legal restrictions associated with
matching inflow rates, and limitations on allowable flow rate
increases into the downstream channel based upon downstream safety
criteria. Operational efficiencies are also limited by the nature
of the basin and by storm patterns. For example, peak inflows
from a particular storm may not be extreme, but many days of high
volume inflow can overwhelm Folsom, thus a large storm of
continuous rain, but no major high intensity period, could be more
dangerous than a shorter storm with highly intense cells.

Mechanical operation of the outlet works and spillway gates
can also delay increases, thereby decreasing the efficiency of an
improved forecasting system. Delays in releases can also occur as
a result of a legitimate desire to avoid inundation impacts to the
lower American River Parkway. Finally, during periods of drought,
there may be a natural reluctance to release what otherwise would
be valuable water supplies until it is clear that such releases
are necessary.

i. Construct Small Detention Dams in the Upper Reaches of
the Watershed. - This measure consists of constructing numerous
small capacity dams on tributary creeks to the American River in
the headwaters of the watershed. A detailed analysis was not
accomplished on this measure. However, based on existing
conditions in the American River Watershed and results of studies
regarding similar concepts in other basins, this option was not
viewed as practical. Because of the nature of rainfall patterns
and runoff distributions within the upper watershed, it is
unlikely that any number of the small dams could provide high
level of protection similar to one large facility. Further, the
accumulated total environmental impact of the smaller facilities
would significantly exceed that for one facility.

j. Construct Offstream Storage Facilities. - Opportunities
are scarce for diverting floodflows from Folsom Reservoir to a
potential offstream storage site; however, two possible measures
for diverting floodflows to a potential offstream storage site
nearby were examined.

The Willow Creek site would be immediately adjacent to Folsom
Reservoir at the Mormon Island Dam. As envisioned, the basin
would augment the storage in Folsom. It would require
construction of a new dam about 8,000 feet long with a maximum
height of 120 feet (above natural ground) and removal of the
Mormon Island Dam. Topography limits the size of the new basin to
about 55,000 acre-feet. With this additional storage, the degree

* of downstream protection would be only slightly increased (from
about 63 to 70 years).
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DWR estimated the cost to be $100 million in 1982, which
would be about $120 million at 1991 prices. On a per acre-foot of
storage basis, this is more than twice as expensive as detention
at the Auburn site. For higher levels of flood protection, this
measure does not eliminate the need for detention capacity at the
Auburn site, even with increased flood control storage at Folsom.
Furthermore, this site is within the city limits of Folsom and
residential and commercial developments are beginning to encroach
on the basin.

It is believed that this measure has essentially no potential
for effective implementation because (1) downstream flood
protection would not significantly increase, (2) the cost would be
high compared to other alternatives, and (3) the feasibility of
this alternative would be questionable given current and expected
development in the basin.

k. Construct Out-of-Basin Diversion Facilities. - This
measure would divert flows to the Cosumnes River basin via a
bypass conveyance system into a detention basin in the Deer Creek
watershed about 10 miles south of Folsom. The diverted flows
would decrease the flows downstream in the American River. A
detailed cost estimate was not made for this measure. However,
based on a preliminary hydraulic analysis and results of recent
flood control studies in the Cosumnes River basin, it was
determined that the measure would be significantly more costly
than other available options. In addition, there would be
significant impacts in the Deer Creek basin, Cosumnes River basin,
and east Delta area due to the increased floodflows.

1. Divert Floodflows into the Sacramento River Deep Water
Ship Channel. - This measure involves diverting a portion of the
floodwaters of the Sacramento River through the navigation lock
and barge canal by use of a pump and siphon to the ship channel.
Sufficient gradient would be created for the water to flow to the
Sacramento River near Collinsville.

The Sacramento River Deep Water Ship Channel is a manmade
channel extending 43 miles from Collinsville to the Port of
Sacramento in West Sacramento. The channel is currently
maintained at a depth of 30 feet and varies in width from 250 feet
to 350 feet. Authority has recently been given for deepening the
channel to 35 feet below mean lower low water. A barge canal and
navigation lock connect the Port to the Sacramento River below its
confluence with the American River. If the gates of the lock are
closed, water from the Sacramento River does not enter the ship
channel. The west levee of the ship channel is now the east levee
of the Yolo Bypass between Cache Slough and about river mile
(RM) 41 on the ship channel. The east levee for the ship channel
is the original project levee for the Yolo Bypass.
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Analysis showed, however, that the available increased flow
capacity into the channel is relatively insignificant compared
with that of the American River during flood stage. Also,
hydraulic balancing of flows in the American River and Yolo Bypass
via the Sacramento and Fremont Weirs indicated that this measure
would be highly inefficient in reducing flood stages in the
system.

7. Natomas and Vicinity. -

a. Construct Levee Improvements in and Around Natomas. -
Sections of levees along the west NEMDC, NCC, and Pleasant Grove
Creek Canal would need to be raised to prevent potential flooding
in Natomas resulting from high river stages. The extent of the
modifications depends mostly on the level of protection desired.
Below is a brief description of each. A primary assumption is
that floodflows are occurring simultaneously in all the waterways.
As mentioned, it is also assumed for each of the measures that the
existing levee and channel system is structurally stable.

(1) NEMDC West Levee. - To decrease the likelihood of
failure of the NEMDC west levee would require raising the levee in
excess of 3 feet. During high flows, however, this modification
would result in induced flooding in the Dry and Arcade Creek
areas. To offset this impact, levee and related modifications are
required at various locations along the east levee of the NEMDC
and along Dry and Arcade Creeks.

(2) Pleasant Grove Creek Canal. - The East Side and
Pleasant Grove Creek Canals are a levee system that extends to the
north and south from NCC. The levee system of the Pleasant Grove
Creek Canal is a single levee that impounds water from Curry and
Pleasant Grove Creeks and conveys it north to the NCC; the levee
system of the East Side Canal impounds water primarily from Coon
and Markham Creeks and Auburn Ravine and conveys it south to the
NCC. During flooding, the waters commingle. Natomas is subject
to flooding from the south end of the Pleasant Grove Creek Canal
where Sankey Road can be overtopped and the floodflows would enter
Natomas or NEMDC. Measures along this area include increasing the
height of the Pleasant Grove Creek Canal levees at selected
locations and modifying East Levee Road at Sankey Road. Also, any
plan that raises these levees may require measures to lower the
water surface on lands east of the raised levees that would be
subject to induced flooding.

(3) Natomas Cross Canal. - The NCC conveys flows from
the Pleasant Grove Creek and East Side Canals to the Sacramento
River. Potential overtopping and failure of the south canal levee
into Natomas can be caused by high stages in the Sacramento River

* combined with runoff from the Pleasant Grove Creek Canal. The
flood potential for this area could be decreased by raising the
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levee at selected locations, providing a pumping plant/gated
closure structure on the NCC, or providing a flow restriction
structure upstream in the Sacramento River.

b. Construct Compartment Levee in Natomas. - This measure
consists of compartmentalizing Natomas by constructing levees
across Natomas between the Sacramento River and the NEMDC. The
two cross levee locations considered are (1) just north and
parallel to Elverta Road and (2) just north and parallel to Del
Paso Road (other locations are possible). Areas north of the
cross levee would not be provided additional flood protection.

A cross levee at Del Paso Road would run along most of the
length of the road. At the eastern end, just east of the
Sacramento city limits, the levee alignment would veer to the
north and run parallel to and just west of Sorento Road. This
would offer protection to the group of homes that lie between
Sorento, East Levee, and Del Paso Roads. At the western end, just
west of Powerline Road, the levee alignment would veer southwest
to intersect Garden Highway. This is to keep the length of the
levee to a minimum. The levee alignment would curve north of the
I-5/Del Paso Road interchange to avoid altering the interchange.
This option would offer protection for the 1-80 freeway and south
Natomas. This option would also include a ring levee around the
Sacramento Metropolitan Airport.

The cross levee at Elverta Road would run north of and
parallel to Elverta Road from the Sacramento River to the NEMDC.
This option would provide protection to the Sacramento
Metropolitan Airport, 1-5, 1-80, Sacramento City area, and a
portion of Sacramento County.

These levees could be constructed to a crown elevation of
about 44 (NGVD) for the Elverta Road cross levee and about 42
(NGVD) for the Del Paso Road cross levee. The levees would
average almost 24 and 25 feet in height for the Elverta and Del
Paso cross levees, respectively.

Estimates of costs and benefits associated with this measure
are discussed in the following chapter.

c. Construct Gated Structures and Pump Facilities. - This
measure consists of constructing a gated embankment structure and
a pump station at the NCC at the Sacramento River. During normal
flow conditions, the gates on the embankment would be open,
allowing water from the canal to discharge downstream. During
high flows in the Sacramento River, the gates would be closed,
preventing riverflows from entering the canal and causing
backflow. Large capacity pumps in the canals at the structure
would accommodate tributary inflows. The pumps would control the
stages in the canal to avoid encroachment into the freeboard on
the adjacent and upstream levees for specified design events.
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Another pump structure with gated embankment was considered
on the NEMDC north of Dry Creek. Its purpose would be to prevent
American River backwaters from entering upper NEMDC during periods
of high stages and to pump high tributary flows without
encroaching on levee freeboard along the NEMDC levee north of the
pumping plant.

d. Construct Detention Dams Upstream from Natomas. - This
measure consists of constructing small impoundment reservoirs on
various tributaries to the NCC and the NEMDC. The objective of
these upstream reservoirs would be to reduce inflows to the NCC
and the NEMDC. They would also reduce flooding on the respective
creeks downstream from the structures.

e. Modify Fremont Weir and Yolo Bypass. - The following
alternative options focus on evaluating modifications to the
Fremont Weir and Yolo Bypass to improve their conveyance
capabilities. Such improvements were evaluated to determine their
ability to divert greater flows into the Yolo Bypass thereby
reducing the water stages along the Sacramento River and in the
NCC.

(1) Lengthen Weir. - Lengthen the Fremont Weir and
widen the Yolo Bypass at Fremont Weir by 1,000 feet. The east
levee of the Yolo Bypass would be setback in order to better align

* the inlet of the Yolo Bypass with the outlet of the Sutter Bypass.
The length of the levee to be setback (in a landward direction) is
approximately 20,000 linear feet when widening the bypass
1,000 feet. The weir would be extended 1,000 feet, matching the
current design. The embankment material would be replaced with a
concrete weir and riprap to match the current design.

(2) Lower Weir. - Lowering Fremont Weir would involve
lowering the crest elevation and reshaping approximately 9,120
linear feet of concrete weir. To ensure proper functioning of the
weir, additional sediment removal would be necessary to lower the
land surface to an elevation equal to or less than the weir crest
elevations. Approximately 400,000 and 600,000 cy of material
would need to be removed and disposed of when lowering the weir by
0.5 and 1.0 foot, respectively.

(3) Yolo Bypass Modifications. - Widening the Yolo
Bypass in conjunction with modifying the Fremont Weir was also
examined to determine its effectiveness in diverting more water
from the Sacramento River, thus resulting in lower water surfaces
along the river.

f. Construct Sacramento River Constriction. - This measure
consists of constructing a check structure between the Fremont
Weir and the mouth of the NCC to constrict the Sacramento River
just downstream of the Feather River. The purpose of the

* structure is to check the Sacramento River flows which would
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divert sufficient flows into the Fremont Weir such that cross
canal flows can be conveyed down the Sacramento River safely.

g. Construct New Natomas Cross Canal. - This measure
consists of constructing a canal, similar to the Cross Canal,
across Natomas. It could help divert flows from Pleasant Grove
and Curry Creeks to Sacramento River.

h. Release Objective Release from Folsom Dam to Lower Stages
in NEMDC. - This measure consists of lowering the 115,000 cfs
objective release from Folsom Dam. This would be achieved by
either increasing the flood control storage space in Folsom
Reservoir and/or new flood control detention upstream from Folsom
Reservoir. A lowered release to between 100,000 to 80,000 cfs
would reduce the stages for a major flood event in the NEMDC by
about 0.7 to 2 feet, respectively. This effect diminishes
upstream in the canal as the backwater effects from the river has
a lessening influence. For example, at the mouth of Dry Creek
during a major event the stage reduction is about 0.5 to 1 foot
for objective release reductions to 100,000 and 80,000 cfs.

An estimate was made to determine if this resource would be
more cost effective than levee and channel improvements in the
NEMDC and vicinity. The savings in levee construction in the
canal would consist of potential improvements along American River
to Dry Creek. At the mouth of Dry Creek and upstream along the
creek, significant levee improvements would be needed. (This is
more cost effective than levee modifications along the NEMDC
upstream from Dry Creek.) This saving in construction cost would
amount to about $35 million. The estimated increased flood
control storage space in Folsom Reservoir and in new upstream
detention facilities to achieve a reduction in the objective
release to 75,000 cfs (approximate requirement to provide the
design freeboard in the NEMDC at the 100-year event) is
230,000 acre-feet. The estimated first cost to achieve this
space $51 million.

i. Construct a Detention Basin in North Natomas. - This
alternative examined the potential of constructing a detention
pond in north Natomas. This pond could temporarily store excess
floodwaters originating from tributary drainages into the NCC and
Pleasant Grove Creek Canal.

8. Use Non-Traditional Methods. - Most traditional structural
flood damage reduction measures are directed at the source of
flooding. They attempt to change the direction of floodflows,
decrease the area of inundation, alter the timing of flooaflows,
or store floodflows. In contrast, most non-traditional measures
are directed at protection of individual property, land usage, or
actions during a flood. Non-traditional measures fall into
several broad categories: flood proofing, evacuating structures

B-32



from the flood plain, restricting development in the flood plain,
and using flood warning systems.

a. Flood proofing. - Flood proofing structures would involve
raising existing structures so that habitable portions are above
the expected flood level. Flood proofing could also involve the
construction of walls around individual homes or pockets of homes
to hold back the floodwater. This latter alternative is not
considered a viable alternative for the Sacramento area because
the "walls" would in fact be "levees" in most instances. For
developed portions of Sacramento, there is nowhere to construct a
"ring levee" system without extensive relocations. In this case,
upgrading of the existing levee system is much less
environmentally damaging and more cost effective.

Raising structures above the flood level is possible if the
lower portion of the structure is used only for parking or
storage. The lower portion is expected to flood and is designed
to equalize hydrostatic flood forces on exterior walls by allowing
entry and exit of floodwater. Flooding would result in damage to
contents in the lower portion such as automobiles and contents;
however, the habitable portion of the home and upper level
contents would be spared. Estimates of costs to raise a typical
slab-on-grade house 10 feet above grade, including all finish
work, have been done. For a 1,296 square foot house, the
estimated cost is $39,552, or $31/square foot of slab. An
elevation of 10 feet is reasonable for most parts of Sacramento.
However, for Natomas additional elevation would be required.

For Natomas, there are an estimated 13,516 structures.
Therefore, the cost to raise residential structures would be a
staggering $535 million. In the remainder of the Sacramento area,
162,290 residential units in the flood plain would entail a cost
of about $6.4 billion.

b. Flood Plain Evacuation. - Flood plain evacuation involves
either moving the structure and its contents to a flood free site,
or removing only the contents and demolishing the structures or
using them for some other purpose. In other cases, evacuation of
only the population may be possible.

The City of Sacramento has a flood evacuation plan in place
for Natomas. A plan is currently being prepared for the remainder
of the Sacramento area and is expected to be completed within
2 years. An evacuation plan for the unincorporated area of
Sacramento County is in progress also. The Sacramento County
Sheriff's Department is preparing evacuation routes out of each of
the eight levee breach areas. In Sutter County, an evacuation
plan exists for the portion of the county south of the NCC. The
general plan describes areas where people should be evacuated and

* the routes to get them there.
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c. Development Restrictions. - Development restrictions
would consist of zoning, subdivision regulations, and modification
of building and housing codes to require that all future
development is compatible with the flood threat.

In response to concerns of flooding in Natomas, the City of
Sacramento has sought to develop a land use policy for the
Sacramento area that established a "reasonable balance between
responding to the risk of flooding and continuing the orderly
development of the community". Ordinance 90-005, adopted on
February 6, 1990, was established to attain this "reasonable
balance". This ordinance prohibits any more residential
construction in Natomas until completion of any future projects
providing greater levels of protection.

d. Flood Warning. - Flood warning consists of forecasting
flood potential; warning the population; evacuation before,
during, and after a flood; and postflood reoccupation and
recovery.

The City of Sacramento has in place (since November 1990) an
emergency plan manual which addresses the effects of various
hazards. Included are evaluations of flood related emergencies
such as levee failure, overtopping of secondary levees with
inadequate freeboard, failure of one of the 16 floodgates located
throughout the City, or breakout of floodwater from the Natomas
East Main Drain.

The City has established emergency warning and response
criteria based upon a four-stage warning and response system:

River/Stream Advisory Stage: The level at which the
water surface elevation is one foot below the
river/stream warning stage.

River/Stream Warning Stage: The level at which patrol
of levees becomes mandatory or water is channeled to
bypass areas.

Project Flood Alert Stage: The level at which the flow
is at the maximum design capacity as defined by the
Corps (normally 3 to 5 feet of freeboard).

Flood Danger Stage: The level at which the flow exceeds
the design capacity or when the structural integrity of
the levee appears at risk through sloughing or boils.

Two levels of pre-emergency flood readiness are recognized:

Normal Preparedness Phase: This occurs each year on
November 1.
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* Increased Readiness Phase: This occurs when the
Sacramento River stage at the I Street bridge reaches
23 feet and is rising fast (condition 1) or 25 feet
(condition 2).

During the flood emergency, three more phases are recognized:

Project Flood Alert Stage: This occurs when the
Sacramento River stage at the I Street bridge reaches
41 feet and/or the American River stage at the H Street
bridge reaches 41 feet or planned dam discharges are
expected to cause this to occur.

Immediate Impact Phase: This occurs when the Sacramento
River reaches 31 feet and/or the American River reaches
42.8 feet.

Flood Danger Stage: This occurs when the Sacramento
River reaches 32 feet.

Historical information on the effects of levee failures to
water elevations, the extent of flooding, and time and inundation
is used to determine likely warning and evacuation plans. The
City's flood warning plan includes estimates of time-inundation
relationships for several subareas within the flood plain. These

* areas include the Pocket area (based on scenarios for 3 different
levee failures), the Central/Old Sacramento-East Sacramento-North
Sacramento areas (based on 13 levee failures scenarios), and
Natomas (based on 4 levee failure scenarios).

The City estimates that for the Pocket area, flooding would
occur so rapidly that evacuation time would be limited to less
than 2 hours for most of the area and less than 1 hour for another
portion of the area. The resulting evacuation would impede entry
or exit of emergency vehicles. For the Central/Old-East-North
Sacramento areas, failure of the levees in most of the 13
scenarios would result in zero response time and substantial
damage and probable loss of life. Although there is little
response time, some evacuation time is still possible for failures
occurring along the Sacramento River east levee near Richards
Boulevard, the American River south levee at the Business 80
bridge, the American River north levee at Guy West bridge, the
NEMDC below Main Avenue, and the Arcade Creek north levee below
Norwood Avenue or below Marysville Boulevard. For Natomas,
failure of the levees would result in major flooding in 1 to
7 hours depending on where the failure occurred. Evacuation is
possible for levee breaks at the Sacramento River at Orchard Lane
and the NEMDC at Arcade Creek. Levee breaks at the American River
at the Garden Highway or the Sacramento River at Gateway Oaks
would probably not give sufficient evacuation time.
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Sacramento County has a Multi-Hazard Functional Plan that
addresses flooding hazards from a dam breach or levee failure.
Inundation areas from various levee failures on the Sacramento and
American Rivers were considered. Large colored maps have been
prepared for each of eight scenarios of levee failure. These maps
can be used to carryout flood warning and evacuation activities.
The eight flood breach maps are based on a depth of water of one
foot. A depth of one foot was selected because this level was
judged as the depth that would prevent the exit of vehicles from
the area. The County feels that an evacuation plan could be
effective for the unincorporated area if enough lead time is
available before a levee breach occurs. If there is a spontaneous
levee breach, the County acknowledges potential loss of life; safe
evacuation of concentrated population centers may not be possible
in certain areas.

0
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CHAPTER III - COMPARISON OF MEASURES

9. General. - Table B-6, a summary comparison of the flood
control measures considered, includes an indication of relative
accomplishments, costs, impacts, and status of further
development. Also included is a relative comparison of each
pertinent planning criterion and a statement as to whether or not
the measure was retained for further study or whether it was
deleted from consideration along with the primary reason(s) why.
Below is also a summary statement as to why the measure was
considered for development into alternative plans. The criteria
used to compare the measures are described in Chapter I of this
appendix.

10. Measures Deleted from Further Consideration. - The following
flood control measures have been identified but were deleted from
development into alternative flood control plans.

a. Main Stem American River. -

(1) Increase Downstream Channel Capacity with Setback
Levees. - This measure was deleted from formulation into an
alternative plan primarily because of the likely cost and high
socioeconomic impacts. The large number of relocations required

* makes this measure socially inviable.

(2) Raise Folsom Dam. - This measure was not considered
further because of the inherent difficulties associated with
enlarging the existing structure, the prohibitive construction and
relocation costs, as well as social and environmental impacts.
The existing structure currently uses all available natural
capacities formed by the topography of the site. Enlargement of
the existing site provides unique problems since the topography
does not lend itself to expansion.

(3) Use Upstream Reservoir Space for Flood Control. -
The acquisition of additional flood control storage was not
considered further because of the significant high cost to acquire
the space and modify the outlet works in conjunction with the
relatively small beneficial impact of the limited available space
for flood control.

The use of incidental flood control storage space was carried
forward as a measure. A total of 47,000 acre-feet of incidental
flood control storage space was used in developing 100-year (FEMA)
levels of flood protection.

(4) Improve Flood Forecasting for Folsom Reservoir
Operations. - This measure was deleted from consideration because
of the low potential to confidently increase the level of flood
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Table
SUMGAY OF FLOOD

easureg ./ T Level of Flood Construction Resource Replacemnt Environmental Resou
Protecti£on cost I($mllons) ,at.r Supply [ Bydo•er Recr.ation Fish A Wildlife

(1,00oo an-ft/ys) I (at/e)

Increase Folsom Flood Space from 94 0 33 Reduction 41 Reduction Moderate Moderate
400,000 to 650,000 acre-feet. Reduction Reduction

Increase Channel Capacity via 100 236 None None Moderate Moderate
Levees Mod. from 115,000 to Reduction Reduction
180,000 ac-ft.

Increased Channel Capacity via 100 very High None None Increase Increase
Setback Levees from 115,000 to
180,000 cfs.

Structural Modification of Folsom 65-70 40.6 None None None None
Dam (Lower Spillway).

Raise Folsom Dam. 100+ Very High4/ Moderate Moderate Moderate Moderate
Increase Increase Increase Reduction

Existing Upstream Storage Space 100 600+ Moderate High Reduction Moderate Low
Use. Reduction Reduction

New Upstream Storage - Single 200 549 None None None Low Reduction
Purpose (545,000 ac-ft).

Improved Flood Forecasting. Marginal None High Reduction Moderate Moderate High Reduction
Increase Reduction Reduction

Small Upstream Dam 65-100 very High None None None Moderate
Reduction

Offstream Storage 70 High 4/ None None None Moderate
Reduction

Out-of-Basin Diversions 100+ very High 4/ None None None High Reduction

Sacramento Deep Water Shipping 65-70 Marginal None None None Moderate
Channel Reduction

Levee Improvements in and around 100(200) 80+ None None None Minimal
Natomas. -/ Reduction

Compartment Levaes 100(200) 100+ None None None Moderate
Reduction

Cated Structures edPep Facilities ....................

NEMOC & Mouth 100(200) 70 None Reduction F None Moderate
Reduction

Natomas Cross Canal 100(200) 20 None Reduction None Moderate
Reduction

NEMOC 6 Dry Creek 100(200) 10 None Reduction None Low

Upstream Detention Dams Moderate High4/ None None None High Reduction
Increase

Modify Fremont Weir 100(200) 10-20 None None None Low

Sacramento River Constriction 100(200) High 4/ None None None Moderate
Reduction

New Natomas Cross Canal 100(200) Very High 4/ None None None Increase

Reducing American River Flow 100(200) 0 None None Moderate Moderate
Reduction Reduction

North Natomas Detention Basin 100(200) 5.6 None None None Moderate
Reduction

Non-Traditional (Non-Structural) N/A 6,900 None None None None

1/ AssumeS structural stability of all levee reaches.
T/ Retained or deleted from formulation into an alternative plan.
7/ High likelihood for significantly increased effectiveness when combined with other measures.
T/ Cost not estimated.
7/ Cost for Natomas measures do not include those to offset induced flow impacts.
S/ Measures in Natomas can provide indicated levels of protection only when in combination with others.
7/ 100(200) = 100-and 200-year levels of flood protection when in combination with certain other Natomas measures.
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Table B-6
SUIOA1RY OF FLOOD CONTROL MEASURES

~om~nt Xoviro-.xuta1 Resources 1Relative Comparim.nT

Hydropower Recreation r isk £Wildlife [ Vegetation I fetvn0 ______________ Acetblt .opaoemr

(~~H/~~) .. ...... .. ... ... .. .. ... ] AutaCoptnae j r

41 Reduction Moderate Moderate Moderate LOW Very High Moderate Moderate
Reduction Reduction Reduction

None Moderate Moderate High Reduction Moderate Moderate Low Moderate
Reduction Reduction

None Increase Increase Increase Moderate very LOW Very Low Moderate

None None None None Very Low Moderate High High

Moderate Moderate Moderate Moderate Moderate Very Low Very Low Very Low
Increafse Increase Reduction Reduction

High Reduction Moderate Low None Low Low Low Moderate
Reduction

None None Low Reduction Low Reduction Very Nigh High Moderate .Very High

Moderate Moderate High Reduction Moderate very Low Low . Low Low
Reduction Reduction Reduction

Nona None Moderate High reduction Low Low Very Low Moderate
Reduction

None None Moderate Moderate Low Low Low High
Reduction Reduction

None None High Reduction High Reduction Moderate Very Low Very Low High

None None Moderate None Very Low Very Low Low Moderate
Reduction

None None Minimal Low High High High High
_ _ _ _ _ _ _ _ Reduction 4I

None Nonea Moderate Moderate High nigh Very Low High
_ _ _ _ _ _ Reduction Reduction1

Reduction I None Moderate Low Moderate L'ow Moderate Moderate
Reduction

Reduction None Moderate Low Moderate Low Moderate Moderate
Reduction

Reduction None Low Low High High High High

None None High Reduction High Reduction Low Very Low Low High

None None Low Low very LOW Low Low q Very Low

None None Moderate Low High Low Very Low Moderate
Reduction

None None Increase Increase High Very Low Very Low High

None Moderate Moderate Moderate Low High Moderate Very Low
Reduction Reduction Reduction

None None Moderate Moderate Moderate Moderate Moderate Low
Reduction Reduction

None None None None Moderate Low Moderate Low
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Relative Comparison status

hivenoss Efficiency 1 Acceptability I Compleot~nos rormulation PrWimar~y Reason

........ .......... J ... ;...... Stt../.._ __ _ __ _ _

LOW Very High Moderate Moderate Retained Low cost, ease of
implementation and low
adverse impacts.

larate Moderate LOW Moderate Retained Effectiveness in
reducing flood threat.

lerate Very Low Very Low Moderate Deleted H igh cost and very high
socioeconomic impacts.

ry Low Moderate High High Retained Potential for effective
combination with other
measures.

darata Very Low Very Low Very LOW Deleted High cost and moderate
effectiveness.

LOW Low LOW Moderate Deleted High cost and low
effectiveness.

.y High High Moderate Very High Retained Potential to provide
high levels of flood

______________ ______________ protection.

ry Low Low LOW LOW Deleted Low effectiveness with
high annual system

______________ impacts.

LOW LOW Very Low Moderate Deleted Nigh cost with low flood
control benefits.

Low LOW LOW Nigh Deleted High cost and high
environmental impacts.

,clerato Very Low Very Low High Deleted Nigh cost and high
environmental impacts.

iry Low Very Low LOW Moderate Deleted Little to no flood
control beneofits.

nigh H igh Nigh nigh I Retained Effectiveinrdcg4 _______ flood threat.

High High Very Low Nigh Deleted Nigh cost and high

oderate Low Moderate Moderate Deleted Relatively high Cost.

oderate Low Moderate Moderate Deleted Relatively high cost.

Nigh Nigh Nigh Nigh Retained Nigh effectiveness and
________________________ ______________acceptability.

LOW Very Low LOW Nigh Deleted Nigh cost and low
________________________ _____________ ______________ acceptability.

eGry Low LOW LOW Very Low Deleted Low level of

Nigh LOW Very LOW Moderate Deleted Nigh environmental

Nigh Very Low Very Low Nigh Deleted Nigh environmental

Low Nigh Moderate Very Low Deleted Low effectiveness and
________________________ _____________ ______________ completeness.

laderate Moderate Moderate Low Retained Nigh effectiveness when
combined with other
measures.

40derate Low Moderate Low Deleted significant
socioeconomic impacts
and high cost for some
non-structural measures.



O protection without a severe adverse impact on the accomplishments
of Folsom Dam and Reservoir project as well as resources and
facilities along the lower American River (more frequent releases
of higher floodflows).

(5) Construct Small Upstream Detention Dams. - This
measure was deleted from further consideration because of the
relatively small influence such dams would have on the downstream
floodflows and the comparatively much higher economic and
environmental costs.

(6) Construct Offstream Storage. - This measure was not
considered further in this study due to significant high costs and
relatively little potential for increasing downstream flood
protection.

(7) Construct Out-of-Basin Diversions. - This measure
was eliminated from further study due to high costs and potential
significant flood impacts in the Cosumnes River basin.

(8) Use Capacity in Sacramento River Deep Water Ship
Channel. - This measure was deleted from further consideration due
to high cost, adverse impacts to the ship channel, and, at best,
marginal flood reduction impact.

b. Natomas. -

(1) Construct Detention Dams Upstream from Natomas. -
This measure was not considered further because of the high cost
of the reservoirs, high potential adverse impacts in the reservoir
areas, and relatively low impact on controlling downstream stages
in the NEMDC and NCC.

(2) Construct Compartment Levees In Natomas. - This
measure was deleted from further development because it would not
offer protection to much of north Natomas, its high cost, and it
would not likely prevent future development in north Natomas.

(3) Modify Fremont Weir and Yolo Bypass. - This measure
was deleted from further consideration as a measure in lowering
stages in the Sacramento River at the mouth of the NCC because of
its questionable ability to reduce river stages.

(4) Construct Sacramento River Check Structure. - This
measure was deleted from further consideration primarily because
of possible high adverse environmental impacts.

(5) Construct New Natomas Cross Canal. - This measure
was deleted from further development because of its high cost and
higher environmental impacts compared to other alternatives.
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(6) Lower Stages in NEMDC by Reducing Flow in American 0
River. - This measure was deleted from further consideration
because it would be significantly more costly than the other
solutions.

c. Non-Traditional. - Nonstructural measures were considered
as potential partial solutions. However, because of the large
numbers of existing residential, commercial, industrial and
institutional structures, high flood depth, and extensive flood
plain area, raising or removing structures from the flood plain
would not be economically feasible. Similarly, flood proofing
would not be economically, socially, and environmentally feasible.
Flood warning and evacuation plans are already in place for the
City and County of Sacramento. Consequently, this measure was
not formulated into a specific alternative.

11. Measures Considered in Alternative Plan Development. -

a. Main Stem American River. -

(1) Increase Flood Control Storage Space in Folsom
Reservoir. - This measure was retained for further study primarily
since it can be accomplished with no new construction and because
reservoir storage offers a higher degree of confidence in
achieving specific levels of flood protection than other forms of
structural flood protection.

(2) Increase Downstream Channel Capacity with Levee and
Channel Modifications. - This measure was retained for further
study because initial analysis indicated that it would likely be
economically feasible.

(3) Make Structural Modification of Folsom Dam to
Permit Increased Releases. - Although, as an independent measure,
lowering the spillway would not result in significant increases in
flood protection, this measure was retained for further study as
it could easily be considered with the measures above to increase
their viability.

(4) Construct New Upstream Flood Control Storage
Facilities. - This measure was retained for further study
primarily because it was the only measure found capable of
resulting in high (greater than about 200 year) levels of flood
protection. Also, in the Sacramento area there is a higher degree
of confidence in detention of floodwaters behind a dam than in
managing floodflows with levee and channel improvements.
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b. Natomas and Vicinity. -

(1) Construct Levee and Channel Improvements in and
Around Natomas. - This measure was retained for further
development since it is the only known measure capable of either
singularly or in combination with other measures to provide
protection to Natomas.

(2) Construct Gated Structure and Pumping Facilities. -
The gated pump structure facility near Dry Creek was retained for
further study because of its likely high economic viability.
However, a gated pump structure at the mouth of the NCC was
deleted from consideration due to the high cost and limited
pumping capacity.

(3) Construct a Detention Basin in North Natomas. -
This measure was deleted as a stand-alone measure to reduce
flooding in Natomas. This is because of the large capacity of
facilities that would be required to effectively reduce flooding.
It was found, however, that this measure could slightly reduce
induced flooding potentially occurring in the NCC area due to
construction at levee features along the canal to help protect
Natomas. Accordingly, this measure was retained for further
studies for that purpose.
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CHAPTER IV - SPECIAL PLAN FORMULATION CONSIDERATIONS

12. General. - Several primary plan formulation considerations
warrant separate presentations because of their complexity and
importance. They are presented in this chapter in advance of
descriptions of alternative plans, to build a better understanding
of those plans. These topics are divided into four categories:

* Other Water Resource Needs
* Related Water Resource Opportunities
• Engineering Considerations
* Auburn Dam Project Creditable Expenditures To Date

13. Other Water Resource Needs. - Discussions here of water
supply, recreation, hydropower, and instream uses are in response
to language accompanying the Fiscal Year 1988 Continuing
Appropriations Act. In this language, Congress directed the Corps
to assess how the operation of Folsom Dam and any new peakflow
flood control facility identified in this investigation might
relate to these water resource opportunities. The remaining
topics in the chapter are significant when evaluating flood
problems and potential solutions and were considered during plan
formulation.

a. Water Supply. - Estimates of future water use and supply
in the American River basin were developed from information
provided by DWR, USBR, and local agencies. A detailed description
of these estimates is contained in the Water Supply Needs Appendix
and summarized below. The basin includes portions of El Dorado,
Placer, and Sacramento Counties. Water requirements were compiled
according to these subareas:

* El Dorado County

El Dorado Irrigation District (EID)
Georgetown Divide Public Utility District (GDPUD)

Placer County

Western Placer
Future American River Service Area
Other Potential Service Areas

Placer County Water Agency (PCWA) Zone
City of Roseville and San Juan Suburban Water

District (SJSWD)
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Sacramento County

North-Northeast Area
City of Sacramento Water Rights Place of Use
Folsom South Service Area

The subarea "City of Sacramento Water Rights Place of Use"
includes some lands outside the City of Sacramento. For brevity,
however, the subarea will be referred to simply as "City of
Sacramento."

Although not included in DWR's study, San Joaquin and Sutter
Counties have shown an interest in a future water supply from the
American River. San Joaquin County, which is part of the USBR's
Folsom South service area, has indicated a supplemental water need
of 221,000 acre-feet. Sutter County is studying potential
developments in the county.

(1) Water Use. - DWR developed estimates of present
(1983 and 1985) and future (2015 and 2020) water use in the
various subareas on the basis of countywide projections of
population by the State Department of Finance and DWR's projected
change in agricultural conditions. The estimates for El Dorado
and Placer Counties were based on investigations conducted in

* 1983. Estimates for Sacramento County were based on information
from 1984 land use surveys. Local agencies and USBR also have
estimated future water use. The various estimates are summarized
in Table B-7.

(2) Water Supply. - DWR estimates the total available
water use, or demand, in the American River basin in 2015/20 to be
1.22 million acre-feet. Table B-8 shows the use and source for
each subarea. The sources are the American River, non-American
River, ground water, and reuse. The quantities are based on
present water rights and water contracts and do not include
uncommitted USBR water supply. Some of these amounts depend on
construction of significant water delivery systems. Without the
systems, the supply amount would be much lower.

(3) Water Shortage or Surplus. - Table B-8 shows the
estimated water shortage (-) or surplus (+) in 2015 and 2020 for
each subarea. These estimates were derived by subtracting the
estimated water uses from the total supplies. Placer County will
need facilities for its water supply conveyance, whereas El Dorado
and possibly Sacramento Counties will require both additional
supply and conveyance facilities.

Placer County has an adequate water supply to meet its needs
beyond 2020. However, about 212,000 acre-feet of the net
surface-water supply is not yet deliverable. The county is
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TABLE B-7

AMERICAN RIVER BASIN PROJECTED WATER USE (1,000 AC-PT) i1/

Location 1981385 DWR 2015/20 DWR 2015/20 LOCAL 2015 IYSBR 2/

AG M&I Total AG M&I ITotal AG M&1 Total AG M& Ttl

ElIDorado....

Year 19M Year 2020 Year 2020

MI 11 13 24 15 34 49 - I -- - 55

GDPUD 4 2 6 8 5 13 8 5 13 - - 3

Total 15 15 30 23 39 62 8 5 13 - - 53

1'Iacer County

Year 19115 Year 2020 Year 2020

Western Placer 74 3 77 78 5 83 - - 156 - - 0
Future American 3
River Service Area

Other Potential 138 4 142 144 9 153 - - - - - 0
Service AreaI

PWCA Zone 28 16 44 29 33 62 - - 110 - - 237

Roseville and 0 15 15 0 27 27 - - 62 - - 32
SJSWD, 4/ 1___ 1 -1_

Total 240 38 278 251 74j 325 - - - - 269

Sacramento County

Year 1985 Year 2015 Year 2015 Year 2015

North-Northeast 0 120 120 0 163 163 11 181 192 0 213 213

Sacramento City 0 175 175 0 275 275 16 228 244 - - 230

Folsom-South 306 30 336 323 76 399 287 88 357 293 132 425

Total 306 325 631 323 514 837 314 497 811 - - 868
IUses are at user site.

2/ USBR Technical Papers No. 1 & 2 for Draft Water Contracting ElS.
3/ Placer County Water Agency memo dated June 13, 1989.
4/ San Juan Suburban Water District.
i/ Supplemental water needs.
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TABLE B-8

AMERICAN RIVER BASIN DWR WATER BALANCE (1,000 AC-FT)

Location Water Demands Net Surface 1/ Ground Reuse Total 2/ Shortage
Water Water Water (-) 3/ or
Supply Supply Supply Surplus

(+)
AG M&I Total Non- American

American River
River

.......... ElDorado Cout (2020)

EE) 15 34 49 12 16 0 28 -21

GDPUD 8 5 13 0 9 0 9 -4

Total 23 39 62 12 25 0 37 -25

Western Placer 78 5 83 2 81 40 33 156 73
Future American
River Service Area

Other Potential 144 9 153 87 0 27 16 130 -23
Service Area

PWCA Zone 29 33 62 54 96 0 -150 88

SRoseville and 0 27 27 0 62 0 -62 35

SJSWD

Total 251 74 325 143 239 67 49 498 196

Amount surplus if water transfer does occur within the County 173

Local agency's projected shortage or surplus 40

North-Northeast 0 163 163 0 90 41 -131 -32

Sacramento City 0 275 275 78 218 73 -369 94

Folsom- South 323 76 399 2 0 223 -225 -174

Total 323 514 837 80 308 337 -725 -206

Amount needed if water transfer does occur within the County -112

Local agency's projected shortage or surplus -193

_/Net surtace water supply is supply minus conveyance losses.

2/ Total water supply is net surface plus grourd water.

3/ Shortage (-) or surplus (+) is the total water supply minus the total demand.
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studying ways to deliver American River water. PCWA has indicated
that development in the area will probably be much more rapid than
projected by the Department of Finance, so the agency disagrees
with projected water needs contained in this report.

DWR projections for El Dorado County show a water shortage of
about 25,000 acre-feet in 2020 (21,000 for EID and 4,000 for
GDPUD). El Dorado County Water Agency has stated that it is
concerned that DWR projections possibly understate the true
magnitude of future needs and shortages and the urgency for
development of supplemental water supplies in the EID service
areas. GDPUD's projected shortages are the same as DWR's. Water
agencies in the county are studying alternative ways to provide
for this shortage.

Sacramento County is projected to have a supplemental need
for about 206,000 acre-feet of water in 2015. The county has been
studying a combination of the following actions to meet these
supplemental needs:

A contract with USBR.

Full use of existing water supplies.

Water conservation.

Examples of alternatives being considered under each of these
actions are described below.

(a) Contracts with USBR for CVP Water. - A
contract with USBR would involve purchase of both firm and
intermittent CVP water from USBR, delivered from the American
River and/or the Sacramento River, to meet the long-term water
program. Contracting efforts have been stalled the past few years
because of opposition from interests that believe the CVP must
fully mitigate fish and wildlife impacts before selling its
remaining supply.

Other uncertainties related to the amount of water available
to the CVP include:

A future decision by the State Water Resources Control
Board (SWRCB) after its review of water rights on the
American River. This decision could revise the instream
flow requirement in USBR's permit.

The SWRCB's Bay/Delta estuary proceedings, which are now
under way.

Sacramento County has indicated that if the amount of CVP
water available for new contracts is reduced to the point that
uncontracted CVP water is insufficient to meet the county's water
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supply needs, then the county may, after review of all options,
exercise its area-of-origin water rights.

(b) Full Use of Existing Supplies. - Sacramento
County could use:

Water that would be surplus to the needs of the City of
Sacramento and others with water entitlements that are
greater than their current needs.

The unused contractual entitlement for CVP water of the
SMUD.

* Reclaimed wastewater.

(c) Water Conservation. - Additional water
conservation measures could further reduce the need for additional
water. Installing meters and charging according to the amount of
water delivered could be such a measure.

b. Recreation. - The lower American River, Folsom Lake, and
upper American River canyons provide prime and unique resources
for outdoor recreation opportunities. The lower river is
officially designated a "recreational river" within both the State

* and Federal wild and scenic river systems. Paralleling the lower
river in Sacramento is the American River Parkway, a 5,000-acre
greenbelt used by about 5 million visitors each year. All these
areas, because of their location within a large surrounding
population base with a large potential for growth nearby, will
experience significantly increased recreation demand in the
future.

A 1987 report by the State Department of Parks and Recreation
on "Public Opinions and Attitudes on Outdoor Recreation" showed
that demand is high for the types of activities suitable within
the study area, including walking, hiking, boating, cycling, beach
use, nature study, picnicking, and camping. Additionally, the
report indicated that nature-oriented parks or preserves and
back-country natural areas are the two types of recreation areas
most preferred by Californians. The City and County of Sacramento
have identified similar priorities for recreation land and
facility development in their long-range master plans. Of
particular concern because of the rapidly expanding population of
the area is the need for open-space areas that preserve important
natural values of the landscape. The popularity of the American
River Parkway and its Jedediah Smith trail results in highly
intensive use, often to the point of exceeding a safe capacity.
Additional paved bicycle trails and equestrian trails, especially
along "natural" appearing areas such as the NEMDC, would help
relieve crowding on the existing trails and help meet local

* open-space goals.
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c. Other. - Two other water resource opportunities in the
study area are (1) future power needs and (2) instream flows for
fisheries. The continuing rapid growth in California's economy is
increasing the use of electricity statewide. In northern
California specifically (including the SMUD service area), peak
load/consumer demand is projected to increase about 30 percent
between 1985 and 1999. Energy conservation and load management
programs continue to play a vital role in California's electric
system growth trends. Even with these trends and uncertainties in
California Energy Commission forecasts of power demands,
California's diverse economy and associated population growth will
ensure some significant rate of growth in demand for energy,
estimated to be between 1.5 and 2.5 percent annually.

(1) Power. - The California Energy Commission estimates
that northern California currently has adequate capacity from its
basic system plus non-deferrable sources to meet requirements
through 1997. After 1997, power developments which are
fundamentally under way but may be awaiting regulatory approvals
are projected to supply all of the remaining capacity needs in
northern California through 1999. Needs for electric power in the
Sacramento area and the State as a whole are expected to exceed
available supplies between the years 2000 and 2007. By the end of
the California Energy Commission's forecast period (2007),
northern California is expected to experience a capacity deficit
of nearly 4,100 MW. No projections are made for periods past 0
2007.

(2) Instream Flows. - Increased instream flows in the
American River during fall may be necessary to maintain the
river's nationally significant anadromous fisheries. The flow
regime from Folsom Dam is mandated by SWRCB Decision 893 (D-893),
which requires the USBR to release a minimum flow of 500 cfs below
Nimbus Dam from September 15 to January 1 and 250 cfs the
remainder of the year, except in critical dry years. As shown in
Figure 1, existing monthly average flows are well above these
minimums.

In 1972, the SWRCB issued Decision 1400 (D-1400), which
established a new flow regime in anticipation of additional water
supplies resulting from the construction of the multipurpose
Auburn Dam. D-1400 and subsequent modifications established
minimum fishery releases of 1,250 cfs from October 15 to July 15
and 800 cfs for the remainder of the year. D-1400 also
established minimum recreation flows of 1,500 cfs between July 16
and October 14. D-1400 was conditioned on the construction of the
Auburn Dam and, as such, has not been implemented.

The minimum flows required by D-893 and D-1400 are of
considerable concern among fish and wildlife agencies and
environmental and recreation interests, who believe the flows are
too low to sustain the existing fishery and recreation use in the
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Lower American River Flows
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S
river. This concern will probably grow in the future for several
reasons, one of which is a recent decision by the Superior Court
of Alameda County concerning East Bay Municipal Utility District's
(EBMUD) contract with USBR to divert water from the lower American
River. The court, in its decision on a lawsuit filed by the
Environmental Defense Fund against EBMUD, established flow
diversion criteria for the district. EBMUD could divert water
from the Folsom South Canal so long as these flow conditions in
the river were being maintained: (1) 2,000 cfs from mid-October
to March 1, (2) 3,000 cfs from March 1 to July 1, and (3) 1,750
cfs from July 1 to mid-October.

The SWRCB is also initiating a review of the American River
water rights of the USBR and the City of Sacramento. This will
include a review of existing instream flow standards for the lower
American River. A draft work schedule for these water rights
reviews is under way. Additionally, the SWRCB is involved in the
Bay/Delta hearings on Delta water quality, which could affect
future operations and water diversions for the American River.

14. Water Resource Opportunities. - The congressional
authorization for this investigation requires that the
relationships between the flood-control-only project and other
related water resource needs be evaluated. A basic premise in the
formulation of the flood control project has been neutrality with S
respect to any multipurpose water development. The intent has
been to move forward with flood control without either advancing
or impeding the prospects for any future development of water and
power facilities at the Auburn site. Accordingly, the selected
plan and alternatives include only features that are necessary for
flood control.

Early in the plan formulation process, however, a number of
potential measures relating to other water resource needs in the
American River basin were identified. They are highlighted here
and include three local benefits options plus a multipurpose
Auburn Dam.

a. Upstream American River Options. - New reservoir storage
at or near the Auburn Dam site has been considered for years.
Until recently, the primary focus for the storage has been for
water supply. However, it is now known that cost effective
flood-control-only storage space can be implemented at the site.
Because of concerns that a flood control detention dam would not
meet other resources needs, such as local water supplies, efforts
were made to identify the range of possible options available in
conjunction with a primarily flood control detention dam at the
Auburn site. At one end of the new storage spectrum is a flood
control detention dam. At the other is the multipurpose Auburn
Dam project. In the middle are other options with potential local
water resources benefits. A brief description and preliminary
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* comparison of several of the potential new storage options

follows.

b. Flood Control Dam at Auburn Project Site. -

(1) Description. - A flood control dam at Auburn would
create a flood inundation zone periodically inundating up to about
4,000 acres. Studies of alternative sites for flood control dams
(see Damsite Selection Appendix) were conducted along the North
Fork American River from the upper reaches of Folsom Lake to the
confluence with Middle Fork. Primarily for geotechnical reasons,
the sites considered were narrowed to the RM 19.0 site and the
RM 20.1 site. The RM 20.1 site was selected by the USBR for
construction of Auburn Dam. Recent studies showed that if the
RM 19.0 site were investigated in detail (similar to past efforts
at the RM 20.1 site) and no significant differences in the assumed
foundation conditions were found, construction costs at the
RM 19.0 site would probably be less than for the RM 20.1 site.
However, when including the costs of extensive geotechnical
evaluations, cost inflation due to delayed start of construction,
flood control benefits foregone by extending the time to
investigate the downstream site, increased environmental impacts
at the RM 19.0 site, and costs to restore the RM 20.1 site, the
RM 20.1 site was determined to be the most cost effective.

The degree of inundation would range from a fairly small pool
(several thousand acre-feet) once every 4 to 5 years or so and
lasting only a day or two to a filling of the reservoir for a
200-year event lasting up to about 12 days. The total fill and
drawdown time for a 200-year event would be approximately 21 days.
The canyon upstream of the dam would appear similar to the way it
looks today. Plate 4 and 5 show the relationship between pool
elevation and the duration of inundation for various frequency
flood events for a project with a flood control detention capacity
of 545,000 and 894,000 acre-feet. These stages, in conjunction
with 400,000 acre-feet of flood space at Folsom, would limit the
objective release from Folsom to 115,000 cfs for the 200- and 400-
year flood events, respectively. Plate 6 shows the relationship
between elevation and flooded areas and volume at the site.

The dam would be a concrete gravity design (placed with
roller compaction techniques) located about 800 feet downstream of
the existing Auburn Dam foundation. For alternatives described
here, flood control releases from the dam would be made via
12 gated (normally open) sluices in the dam. The emergency
spillway would be constructed over the face of the dam. Figure 2
shows an artist's conception of the dam in the American River
canyon.

The project would also include relocating Highway 49
* (described separately in this chapter).
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Environmental impacts associated with a flood control dam
would primarily include change in vegetation character in the
reservoir area and are described more fully in the EIS/EIR.

(2) Costs. - Preliminary estimated first costs for
various sizes of a flood control detention dam, not including
mitigation for adverse environmental impacts, are shown in Table
B-9. The lands cost feature is for all lands needed for a flood
control detention dam. The creditable expenditures to date are
intended to account in the project costs for expenditures by USBR
on the Auburn project that would also be needed for a flood
control dam (acquired in fee for damsite and easement in reservoir
area).

TABLE B-9
PRELIMINARY FLOOD-CONTROL-ONLY DAM COSTS

(OCTOBER 1991 PRICE LEVELS)

Level of Protection
(Return Period, Years) 100 200 400 500
Flood Control Storage
Space (Ac-Ft)1  190,000 545,000 894,000 1,064,000

First Cost ($ Millions)
Lands 2  38.8 43.4 49.2 52.4
Relocations 110.0 110.0 110.0 110.4
Dam 154.4 212.3 274.0 324.0
E, D, S, & A3  52.7 64.3 76.5 80.9
Subtotal 355.9 430.0 509.7 567.7
Creditable Expenditures

to Date4  77.7 77.7 77.7 77.7

Total 433.6 505.7 587.4 645.4

'Storage space in new facility assuming 400,000 acre-feet in
Folsom Reservoir.2Reservoir lands expressed as easement costs. Fair market value
of private and Federally owned lands.3Engineering, design, supervision, and administration.

"4portion of Federal expenditures to date creditable to alternative
(described later in this chapter).

(3) Summary. - The detention-dam-only option has the
potential for providing high levels of flood protection to the
flood prone areas of Sacramento. The Reclamation Board, City of
Sacramento, and other local and State agencies have passed
resolutions and expressed support for a minimum 200-year level of

* flood protection. The alternative, however, would not provide
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water supply and hydropower opportunities in the American River
Watershed incidental to the flood control objective.

C. Local Benefits Concepts. - A flood-control-only project
would not address water resources related needs of the local area.
Many water development interests have planned on water deliveries
from the multipurpose Auburn Dam project. In addition, both
Placer and El Dorado County interests have invested much in
facilities relating to the Auburn project. In the mid-1960's, the
PCWA constructed a 9,600-foot-long, 12-foot-diameter,
horse-shoe-shaped tunnel (Ophir Tunnel) under the town of Auburn
to divert water from Auburn Reservoir to the western portion of
the county for agricultural purposes. Also, in early 1960's, the
PCWA, counting on the Auburn project, abandoned plans to construct
a water supply dam and reservoir near the existing Auburn Dam
site. Both counties have had thousands of acres of lands removed
from their tax rolls for years because of the Auburn project.

Local benefits options highlighted below include (1) an
advance feature dam, (2) a local benefit pool plan, and (3)
several local water delivery concepts. Design and cost estimates
were made for the advance feature dam and minimum pool options
only. Conceptual layouts and cursory level costs for the local
water delivery concepts were obtained from existing information
provided by Placer and El Dorado Counties and DWR.

For each of the following local benefit concepts, the costs
of features allocated to flood control could be shared by the
Federal Government and the remainder by the non-Federal sponsor.
The non-flood control features would need to be fully funded by
the non-Federal sponsor.

(1) Advance Feature Dam. -

0 Description. - This concept consists of a
single-purpose flood control dam with minimum facilities that
would need to be included in order that the project not preclude
expansion by non-Federal interests for other purposes. As with
the single-purpose-only project, the Federal action would be
complete when construction is complete.

The dam configuration and materials placement methods would
be similar to the flood control detention dam. The volume of
concrete may be somewhat larger due to a slightly wider cross
section. As with the detention dam, the flood releases would
either pass through the flood control sluices. Included in the
dam would be two penstocks. Each would be bulkheaded during
initial construction. The provision of penstocks could allow easy
addition of a powerplant in the future for power and water supply.
The foundation for a future wet well will be included at the
upstream end of the penstocks.
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0 A primary feature of this concept is the non-Federal
sponsor's acquisition of all lands in fee title necessary for a
multipurpose project.

Impacts associated with this concept would be similar to a
flood-control-only dam.

0 Costs. - Table B-10 includes the estimated costs
for this concept in addition to a 200-year flood control detention
dam project (545,000 ac-ft maximum storage). As with the
flood-control-only project, most of the costs expended to date
which would not have been needed to construct expandable
facilities were therefore considered as sunk. The table also
shows a breakdown for lands and an estimate of the cost for the
advance feature portion of the option.

TABLE B-10

PRELIMINARY ESTIMATES OF ADVANCE FEATURE AND MINIMUM POOL OPTIONS
PRELIMINARY ESTIMATE OF FIRST COSTS - 200-YEAR PROTECTION1

(OCTOBER 1991 Price Levels)

Costs ($ Million)

* Advance Feature Dam Local Benefits Pool

First Cost Flood Total Net Cost Total Net Cost for
Control for Minimum Pool
Only Advance Plus

Feature Expandability

Lands 2  43.4 100.5 57.1 107.4 64.0
Relocations 110.0 110.0 0 110.0 0
Reservoir 0 0 0 5.2 5.2
Dam 212.3 233.0 20.7 262.3 50.0
Rec Fac 3  0 0 0 1 1
E, D, S, & A 64.3 68.4 4.1 75.4 11.1
Subtotal 430.0 511.9 81.9 561.3 131.3
Creditable
Expenditures
to Date 77.7 74.1 0 77.7 0

Total 507.7 589.6 81.9 639.0 131.3

.l/Does not include environmental and related mitigation.
2/Costs for 6,032 acres (flood-control-only in easement) and

42,100 acres (for expandable dam and minimum pool) in fee.
Includes 200 acres for Highway 49 relocation.

.3/Minimum recreation facilities for public health and safety.
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Summary. - This concept allows the project
sponsor to achieve a high level of downstream flood protection
while preserving the potential to expand the project for other
water resources-related needs in the future, should conditions
warrant. The non-flood control features would need to be
100 percent funded by a non-Federal entity during construction
without a guarantee that the investment would ever result in an
expanded project. Future expansion would require new
authorization and environmental documentation.

(2) Local Benefits Pool. -

* Description. - In the 1960's, the planning and
pre-construction engineering and design for Auburn Dam was well
underway, and it was generally perceived that the dam would be
constructed in a timely manner. About the same time, the PCWA
constructed its Middle Fork American River project to provide
additional water for Placer County. This project included the
Ophir Tunnel which was to convey water from the proposed Auburn
Reservoir to Auburn Ravine and then to western Placer County.
However, without the Auburn Dam, the water surface of the
streambed is several hundred feet below the inlet portal of the
tunnel. Accordingly, the tunnel has been used only in very dry
years by pumping relatively small amounts of water from the
American River below. This operation currently has limited
capacity and is very costly because the pumping plant is removed
in the winter and replaced in the spring, and because of the large
amount of energy required to pump the water to the elevation of
the tunnel entrance.

One method of placing the tunnel into useful service with
respect to a flood control dam at the Auburn Dam site would be
with a permanent minimum pool holding approximately 130,000 acre-
feet. A minimum pool of this size produces a water surface
elevation of about 715 feet, which is sufficient for the water
surface to reach the tunnel inlet. For a 200-year level of
downstream protection, the total facility storage would be about
675,000 acre-feet with the upper 545,000 acre-feet dedicated to
flood control. As with the flood control detention dam, this
flood space would be subject to inundation very rarely. No new
water supplies would be developed through this concept. The pool
would be only a diversion facility for existing PCWA supplies and
entitlements from CVP. The local benefits pool option also has a
potential use as a diversion facility for water to the Georgetown
Divide/Pilot Hill areas via a pumping plant and pipeline.

Impacts of a minimum pool project would be similar outside
the pool area to the flood control detention dam option above. In
the reservoir area there would be a complete loss of existing
vegetation (including riparian habitat) and wildlife and
displacement within the permanent pool zone. With this option,
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. there could be additional impacts associated with growth
inducement in the water supply service areas.

• Costs. - Included in Table B-8 is a breakdown of
the estimated first for this option in relation to the flood
control detention dam.

• Summary. - This concept would allow delivery of
water supply for Placer County and would reduce the pumping lift
needed to deliver water to GDPUD. The facility could accommodate
run-of-the-river hydropower generation facilities, and it could
also be expandable. The permanent pool would have potential as an
excellent recreation resource, as the water surface during the
recreation season would be constant. It would require a
non-Federal sponsor to provide a substantial financial
contribution during construction for the non-flood control
facilities. Further, it would cause a permanent inundation of
about 37 miles of American River canyon and elimination of
whitewater recreation below Ruck-A-Chucky rapids.

(3) Local Water Delivery. -

* Description. - Numerous plans have been
developed to convey water from the American River to areas of need
in western Placer County, to EID, and the GDPUD service areas.
Some of the different concepts have been identified by DWR and are
described below. These concepts would generally be independent of
a flood control dam.

- Western Placer County. - As described, PCWA
has contractual and other rights to American River water, but it
does not have an economical method of delivering this supply.
Another concept (besides the Local Benefits Pool) to provide water
to the entrance portal of the Auburn Tunnel is to continue to
expand the current procedure of pumping from the American River.
This would require a large pumping plant and pipeline to the
tunnel and large annual purchases of energy by PCWA. Water
supplies for this and the below listed options would come from
releases by PCWA from French Meadows and Hell Hole Reservoirs and
their CVP entitlements.

Another concept to provide water to western Placer County
includes a large diameter (84-inch±) transmission pipeline from
Folsom Reservoir to a service area northwest of Roseville (about
10 miles). A new outlet would be required from Folsom Reservoir.

- El Dorado Irrigation District Service
Area. - EID has need of additional water supplies to meet the
needs projected to occur by 2020 within its service area. Several
different facilities are being considered by EID to meet these
needs. Among the facilities in the American River Watershed are
Small Alder Dam and Reservoir and the White Rock Penstock
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Diversion. The White Rock Penstock Diversion consists of
diverting up to 100 cfs from SMUD hydroelectric facilities on the
South Fork American River to EID's storage and distribution
facilities near Placerville. The maximum quantity of water that
can be diverted under the contract is about 40,000 acre-feet.

The Small Alder Dam and Reservoir project would include a dam
and 32,000 acre-feet reservoir with provision for enlargement to
185,000 ac-ft. Water would be conveyed to the EID service area
via the El Dorado canal to the El Dorado Forebay to Sly Park
Reservoir via Hazel Creek Tunnel. Small Alder Dam would be
located across Alder Creek approximately 4 miles upstream of the
confluence of Alder Creek and the South Fork. The yield of Small
Alder Reservoir would be about 11,300 acre-feet.

- Georgetown Divide Public Utility District
Service Area. - DWR and GDPUD have identified several river
pumping options. One includes a pumping lift of about 1,140 feet
to the Auburn Lake Trails Treatment Plant in the Pilot Hill/Cool
area. Untreated water could be released directly to the
Georgetown Divide Ditch. Water rights for direct year-round
diversion to consumptive use should be required. Another option
involves pumping from the vicinity of the proposed Auburn Dam
site.

The upstream river diversions concept consists of facilities
to divert flows from the Rubicon River to service areas in the
GDPUD. Water from SMUD's Robbs Peak Diversion on the Rubicon
would be diverted into a gravity flow 7.7 mile pipeline which
would terminate in the headwaters of Pilot Creek. From this
point, the supply would be gravity fed to GDPUD's Stumpy Meadows
Reservoir. Rights to use the water consumptively would need to be
acquired and an agreement entered into to reimburse SMUD for
revenue forgone from power generation .

DWR and others have identified several potential dam and
reservoir sites to provide a water supply to GDPUD in the
headwaters of the American River. One of the most attractive
sites is on Canyon Creek and would consist of a 17,500 acre-feet
facility capable of providing about 12,500 ac-ft per year at
elevation 2,300 feet. About 1.4 miles of tunnel and 2.6 miles of
pipeline conveyance would also be required.

Costs. - Potential ranges in first costs for the
various local water delivery plans are provided in Table B-11.
This cursory quality cost information was obtained from existing
(and in some cases dated) information on the various plans.

(4) EnlarQed Flood Control Dam. - Authorization for
this investigation directed the Corps to assess the relationship
between a peak-flow flood control facility on the American River
and the operation of Folsom Dam, as they may pertain to incidental
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TABLE B-11

COST INFORMATION FOR LOCAL WATER DELIVERY PLAN

Area and Item Alternative Folsom Diversion American River Upstream Diversion Upstream Storage
Pumping Plant

Western Placer County 10 mile pipeline from River diversion 1'
Folsom Reservoir downstream from
through Roseville. detention dam with

pumping plant and
pipeline to the tunnel
portal.

Water Delivery (TAF/Year) 2/ 114 114

First Cost ($Millions) 55 3

Annual Cost ($Millions) S/ 5 2

Water Cost ($ AF) 41/ 35 17

OPUD River Diversions near Diversion from Robbs 17,500 AF Canyon
Maine Bar, pumping Peak on South Fork of Creek Dam, Reservoir
plant and 3 mile pipline Rubicon to Stumpy and conveyance to
to Georgetown Divide Meadows Reservoir. service area.
Ditch. Acquisition of Reimburse SMUD for
Water Supply from hydropower forgone.
PCWA.

Water Delivery (TAF/Year) 7 7 7.8

First Cost ($Millions) 9 7 49

Annual Cost ($Millions) 3/ 1.4 0.7 4.8

Water Cost ($ AF) 4/ 220 105 760

ElI) 1/ Diversion from 31,700 AF Small Alder

SMUD's White Rock Reservoir and
facilities and conveyance to the
conveyance by pipeline existing El Dorado
to Bray Reservoir. Canal.

Water Delivery (TAF/Year) 34 11.3

First Cost ($Millions) 40 32

Annual Cost ($Millions) 3/ 3.8 3.8

Water Cost ($ AF) 1/ 117 344

_'/ No option identified for this appendix.
2/ TAF = thousand acre-feet.
3/ Economic life of 100 years with interest of 8-7/8% was assumed. Cost of water purchase or power forgone not included.
4/ Water cost is to be used only for comparison of alternatives for a single agency. it does not reflect the actual cost of water.
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water supply, power, and recreational benefits. In other words,
assuming a constant level of flood protection, by increasing the
size of a peakflow dam at the Auburn site, flood storage
requirements at Folsom Reservoir would be decreased. This could,
in turn, result in more water being available for longer periods
of time in Folsom Reservoir. The increased volume in Folsom
Reservoir could potentially provide an additional water supply,
the higher average head at the powerplant would yield increased
power generation, and higher average water surface elevations
could increase the recreational use at the Folsom State Recreation
Area.

Plate 7 shows the relationship between degree of flood
protection versus total flood control storage space for 200,000,
300,000; 400,000; 500,000; as well as 600,000 acre-feet in Folsom
Reservoir. As can be seen, the total flood space required for a
specific level of flood protection is influenced by the amount of
flood space considered in Folsom Reservoir. This is primarily
because transfer of space from Folsom to a new upstream site would
allow a more effective system operation for flood control.

To estimate the potential economic feasibility of
substituting, or swapping, flood space in Folsom to Auburn,
estimates were made of the monetary benefits and costs for two
levels of flood protection--200 and 300 years. For each level of
protection, estimates were made using information from Plate 7 of
the required storage space at Auburn for 200,000, 300,000, and
400,000 acre-feet flood space in Folsom. The USBR estimated that
a firm yield of only about 1,250 acre-feet per year and between
about 9 and 17 GWh per year would be gained by decreasing the
flood storage space in Folsom from 400,000 acre-feet to 300,000
and 200,000 acre-feet, respectively. Using this information and
assuming water supply and hydropower unit benefit values
previously described ($300/ac-ft and 100 mils/Kwh), it was
estimated that the annual economic benefit of reducing the flood
space in Folsom from 400,000 to 300,000 and 200,000 acre-feet
would amount to about $1.3 and $2.1 million, respectively.

Assuming a 200-year level of flood protection, it can be
estimated from Plate 7 that an additional 55,000 acre-feet and
195,000 acre-feet are required at a new peak-flow dam should
Folsom flood space be decreased to 300,000 and 200,000 acre-feet,
respectively. The estimated annual costs for adding the increased
space to the peak-flow dams are $1.3 and $4.9 million,
respectively.

Accordingly, the costs of the space swapping concept are
estimated to exceed the benefits or there is only insignificant
positive benefit. There was no local support for the space
swapping concept. Recreation benefits from the higher seasonal
pools in Folsom would be sizable, but not expected to add enough
to justify the concept. 0
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0 (5) MultiPurpose Auburn Dam Project. -

(a) Description. - This option consists of
completing construction of the full 2.3 million acre-feet
multipurpose Auburn Dam project. There are other sizes of
multipurpose projects which are being assessed by the USBR. The
project includes a conventional concrete gravity main dam with a
straight axis alignment. The location would be similar to the
flood control detention alternative. Relocation of Highway 49,
construction of a powerplant and recreation facilities, and
features for wildlife mitigation would be included.

The general plan of operation would be to (1) generate water
supply and hydropower, (2) operate the new facilities in
accordance with flood control regulations during the fall, winter,
and early spring and, (3) make releases in the late spring and
summer to help improve the water surface elevation of Folsom Lake
for recreation and instream flow conditions in the lower American
River. Water supply diversions could be made into western Placer
County, via the Auburn Tunnel and GDPUD, by way of a pipeline in
the left abutment of the dam. Releases made for instream flow
improvement, water supply, and some flood control would also pass
through the powerplant. Because Folsom Reservoir can provide
short-term and seasonal re-regulation of Auburn Dam releases,
considerable operational flexibility is possible, particularly for
power and lake recreation purposes. With the multipurpose Auburn
Dam, the average summer flows in the American River could be
enhanced over expected future conditions without the project.

The multipurpose reservoir would cause a complete loss of
vegetation (including riparian habitat) and wildlife within a
permanent pool zone. There would also be significant inundation
impacts to cultural resources and whitewater and river-oriented
recreation. The environmental community has expressed a
continuing concern about the Auburn Dam project. Because of
construction delays to date, cost increases, changes in project
scope, and environmental concerns, it is likely that, at minimum,
the existing EIS for the Auburn Project will need to be
supplemented. Also, for the multipurpose Auburn project, or any
project requiring Federal participation, to be constructed at the
Auburn site, re-authorization legislation will probably be
required.

(b) Costs. - Costs provided by the USBR in a July
1987 Auburn Dam Report (updated by USBR and Corps to 1991 price
levels) are shown in Table B-12. Because this concept consists of
continuing with construction (not a new construction effort), all
the accumulated costs to date are included.

Table B-13 suggests the general scope of one possible
O cost-sharing scenario for a multipurpose Auburn project between

Federal and non-Federal participants, as defined by the USBR. It
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is based on benefit and cost information included in the USBR's 0
July 1987 Auburn Dam Report, updated by price level to October
1990.

TABLE B-12

COSTS -- MULTIPLE-PURPOSE 2.3 MILLION AC-FT
AUBURN DAM1]

Item Cost
($/Millions)

First Costs
Cost to Date 341
Administrative Costs 2  15
Auburn Dam and Reservoir 1,116
Auburn Power Facilities 169
Recreation Lands & Facilities 3  13
Permanent Operating Facilities 4
Total Construction Cost 4  1,658

ISource USBR October 1989 to October 1991 projected costs by
orps using an increase of 8 percent.
Administrative costs incurred during 1990-1999 by the

California Division of Forestry, California Department of Parks
and Recreation, and USBR.3 1ncludes fish and wildlife lands costs.4 Does not include adequate costs to offset adverse environmental
impacts

TABLE B-13

MULTIPURPOSE AUBURN PROJECT APPROXIMATE COST-SHARING1

($ Millions)

Non-
Purpose Total Federal Federal

Flood Control 647 167 480
Instream Flows 125 63 62
Water Supply 386 386 0
Hydropower 480 480 0
Recreation 20 10 10

TOTAL 1,658 1,096 552

rSource USBR October 1989 to October 1991 projected costs by
Corps using an increase of 8 percent. Cost allocation for
repayment will be subsequently determined by USBR.
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(c) Summary. - The multipurpose Auburn Dam project
can service multipurpose water resources and related needs of the
study area and other areas of CVP. It can provide increased
instream flows along the lower American River. It has support
from a number of interests. Several actions are critical to
effectively move forward with the project. One action includes
obtaining substantial non-Federal funding for the water and power
elements during construction. This alternative has the potential
for significant environmental impacts.

d. Comparisons and Status. - Table B-14 shows a summary
comparison of these options. Included are the main features,
accomplishments, first and annual costs, and list of major
advantages and disadvantages. Following is a brief explanation of
the option retained for development in the alternative plans and
the options deleted from further consideration.

Flood Control Dam at Auburn Site. - This option was
retained for development into a alternative plan. The
option is highly cost effective and has an identified
non-Federal sponsor - State of California.

Local Benefits Options.

- Advanced Features. - Studies indicated that should
expansion occur within 5 to 10 years from construction
of a flood control project, it would be economically
feasible to add the advanced features. Beyond about
10 years, it would be better to wait and include the
features as part of expansion. The DWR indicated it
would not fund inclusion of the advanced features.

- Local Benefits Pool. - Preliminary cost estimates
indicated that this option would cost about $120 million
more than flood-control-only project. No non-Federal
sponsor was identified to fund this cost.

- Local Water Delivery Plans. - DWR advised the Corps
that none of the local water delivery plans should be
considered. They either do not have local support or
are being pursued separately by the local non-Federal
entity.

- Enlarged Flood Control Dam. - The costs of the
space-swapping concept would exceed the benefits.
Recreation benefits from the higher seasonal pools in
Folsom would be sizable, but not enough to justify the
concept. No non-Federal sponsor was identified to pay
for the added cost.

Multipurpose Auburn Dam. - The cost to complete the 2.3
million acre-foot Auburn Dam would probably be about

B-63



0 oc0
.2 So~ 0 A0£ r 06 a

6 .3 - LLU c

0 0 E
0 2 S vEo.
o o u. c~o l

-o o a E ac0 ~ £0 E

0 2 Q '0
Co *50 02 L G 3 o EU L- 2It~

£0 £0 0£06.2 -
v c c

Uc£ u~z >" = I

6h c~ M r

4 E.

- o0

Z L
LU

zo It £0a

0 z LUL c oc

0 _j 00c 0  o c9v r E
u r IL o V

j 4v Em o2
co .2 E0

0 .2D 6I

.2L 0~cc Ec

z oA 0~-

0Jc
0 r

cc
0 £0 o

0.

£0 5 m.. ~
0~~ 000- S

00

0r o

2. '
0.M c

0 £0 n

E E

uf
0  

0.

£0 O-0 L) *o cn

B-64



S $1 billion more than a flood-control-only dam.
Completion of construction would likely require
significant additional studies identifying qualified
non-Federal cost-sharing sponsors, and overcoming
substantial opposition from numerous environmental
interests. Because of these factors and the
authorization for this study, this option was not
considered in detail.

15. Engineering Considerations. - Flood control dams considered
in this report are based on the same design components: a
detention dam of trapezoidal design with a gated outlet,
constructed of roller compacted concrete at RM 20.1. Several
engineering considerations were critical in the selection of this
new upstream detention location and design and formulation of
alternatives which incorporate this feature. A number of
damsites, as well as design and operation options, were important
in the formulation of new upstream detention facilities.

a. Damsite Selection. - A critical activity in formulating
new upstream detention alternatives is the selection of the most
appropriate damsite. Interest in potential damsites on the three
forks of the American River dates back to at least the turn of the. 20th century.

Numerous damsites have been investigated. Most sites were
eliminated from further consideration due to potential impacts or
limited size and locations. Some sites are now included in the
State and Federal wild and scenic rivers systems or on significant
historical lands like the Coloma historical gold discovery site on
the South Fork of the American River. Consequently, the range of
potential sites was narrowed to locations on the North Fork
downstream from the confluence with the Middle Fork, the USBR
Auburn Dam site. Sites in this area would allow a single dam to
control floodwaters from both forks, whereas upstream sites could
control only one fork. Both forks carry about the same amount of
runoff, and damming just one fork would not provide a high level
of flood protection.

The USBR focused its study on sites on the North Fork at
river miles 19.1 and 20.1. The 20.1 mile site was eventually
chosen as the least-cost site. No serious physical shortcomings
were discovered at the mile 19.1 location, however.

When construction was halted on the USBR's dam following the
1975 Oroville earthquake, the site evaluation process began anew.
In addition to reevaluation of the mile 20.1 location, potential
sites at miles 22.1, 19.0, and 19.1 were investigated. Because it
would be the most cost-effective site, given the type of dam. construction, mile 20.1 site was selected.
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These same four sites were reevaluated by the Corps for this
study. (See the Damsite Selection Appendix.) The mile 19.1 and
22.1 sites were rejected because of poor foundation conditions.
The mile 19.0 site--although potentially the least-cost
alternative--was rejected because geologic conditions there are
not well known. No faults have been found at the site, but
discovery of one could very likely lead to abandonment of the
site. Because of the need for further geological investigation
and the considerable environmental impacts associated with the
construction of new roads, staging areas, foundations, and other
facilities, a dam at RM 19.0 would require approximately 5 more
years to construct than a dam at mile 20.1. During those 5 years,
the Sacramento area would continue to be exposed to a serious
flooding threat with no guarantee that the 19.0 site would be
found equal to or superior to the 20.1 site. Given the prolonged
exposure to serious flooding and extensive costs of future
explorations and investigations, the site at RM 20.1 was chosen
for the selected plan.

b. Seismic Conditions at Auburn Dam. - Seismic safety has
been a major issue surrounding the Auburn Dam project since the
1975 earthquake. that earthquake, centered about 50 miles north
of the damsite and measuring 5.7 on the Richter scale, resulted in
halting construction of the USBR dam (a double curvature concrete-
arch design). The proposed damsite is located in a region of
relatively low to moderate seismicity. Historically, occasional 0
tremors have been felt in the Auburn area. The tremors, however,
have resulted from distant earthquakes in regions of high
seismicity. Examples include the April 1906 San Francisco
earthquake (Richter magnitude 8.25) located approximately
110 miles west of Auburn and the September 1955 Truckee earthquake
(magnitude 5.8) located approximately 65 miles east of Auburn.

Small to moderate earthquakes have occurred in the western
foothills of the Sierra Nevada. Most seismic activity is
concentrated in the Nevada City-Grass Valley area and the
Oroville-Chico area. The largest earthquakes recorded since
records have been kept (1850) were the 1940 Oroville event
(magnitude 5.7) located approximately 18 miles north of Lake
Oroville and the August 1975 Oroville event (magnitude 5.7)
located approximately 7 miles south of Oroville.

Geologic evidence gathered in the vicinity of Oroville Dam
and the Auburn RM 20.1 damsite, following the August 1975 Oroville
event, has established a precedence for considering the Foothills
Fault system to be active. Faults of the Foothills Fault system
within a 2-mile radius of Auburn damsites are cbnsidered to be
capable of generating a Maximum Credible Earthquake (MCE) of
magnitude 6.5.

MCE's from areas having high seismicity outside the area of
the Auburn damsite range from magnitude 8.5 within the Coast Range 0
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O 100 miles west of Auburn, to magnitude 6.5, 25 miles north near
Nevada City. These sources would not impose seismic ground
motions as great as the MCE (magnitude 6.5) generated from the
Foothills Fault system in the vicinity of the damsite.

The Foothills Fault system consists of northwest-trending,
subparallel, near-vertical fault zones. The faults are located
within the Western Metamorphic Belt and divide it into several
large terrains (blocks). South of Placerville, the fault zones
are generally well defined linear features having relatively few
structural complexities. North of Placerville, the fault zones
branch out, forming a network of structurally complex and less
well-defined systems. The easternmost fault zone is referred to
as the Melones Fault zone. It projects southeastward to
approximately 9 miles east of the damsites. The westernmost fault
zone is referred to as the Bear Mountains Fault zone. It branches
and projects through the vicinity of the damsite.

The last major movement along the Foothills Fault system
occurred in response to the tectonic regime in existence during
the Mesozoic Era about 140 million years ago. Other significant
movement along the fault system occurred approximately 65 million
years ago. Some faults within the Foothills Fault system have
been reactivated in late Cenozoic time, beginning approximately

* 5 to 10 million years ago.

Branches of the Bear Mountains Fault zone are not well
defined in the vicinity of the proposed damsite. However, two
north-northwest-trending zones have been identified which have
general structural continuity with branches of the Bear Mountains
Fault zone to the north and south.

These zones, termed lineaments, are locally 400 to 600 feet
wide and exhibit "aligned linear elements" which are "...generally
coincident with zones of Mesozoic deformation..." within the
metamorphic bedrock. They include the DeWitt-Salt Creek lineament
located about 0.5 mile east of the RM 20.1 site and the Pilot
Hill-Maidu East-Deadman lineament zone passing about 800 feet west
of the site.

In 1979, the State presented its official position to the
Secretary of the Interior, Cecil Andrus. This position was
developed after studies by the California Division of Mines and
Geology (CDMG) and the State Department of Water Resources,
Division of Safety of Dams.

DWR, in the development of the official position of the State
of California, engaged a Consulting Board for the Earthquake
Analysis of Auburn Dam, a board of eminent dam design engineers,
geologists, and seismologists. The Board, chaired by George W.

* Housner with members John H. Blum, Bruce A. Bolt, Douglas D.
Campbell, Alan L. O'Neill, and H. Bolton Seed concluded that the
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following design parameters for a dam at Auburn sites were
appropriate:

A magnitude 6.5 earthquake, with peak ground
acceleration of 0.6 g and a response spectral
acceleration of 0.5 corresponding to a period of
vibration of 1.0 second in the spectrum.

A fault slip in the foundation of up to 5 inches; this
may or may not be distributed over several faults.

In 1979, CDMG issued Special Publication 54, Review of Safety
of Auburn Dam Site, which included the Board's report. The State
Geologist, together with CDMG staff, concurred with the Board's
design parameters except in the area of foundation displacement.
CDMG concluded that three-quarters of a foot of foundation
displacement is a reasonable design parameter.

The seismic design parameters for an adequately safe dam were
communicated by H. Johnson, Secretary of Resources, State of
California, to Cecil Andrus, Secretary of the Interior, on March
5, 1979. The State considered the 5-inch displacement on fault(s)
at the mile 20.1 site as the minimum, but, in view of the State
Geologist's opinion, encouraged the use of 9 inches.

On July 30, 1979, Secretary of the Interior Cecil Andrus
announced that the seismic design parameters for Auburn Dam would
be those recommended by the State of California. In a
December 30, 1980, press release, Secretary of the Interior Andrus
announced that "a safe dam can be constructed at the Auburn site."
He also announced that a concrete gravity dam (CG3) be selected
rather than a rockfill embankment dam.

As mentioned, full consideration has been given to the
seismicity of the mile 20.1 site in the preliminary design of a
potential flood control dam. The seismic design parameters
included are fault displacement of 9 inches, MCE magnitude 6.5
with a peak ground acceleration of 0.64 g in the horizontal
direction and 0.39 in the vertical direction. These parameters
are considered to be quite conservative by both the Corps and the
USBR. The dam's present alignment is outside the surface trace of
fault F-1 in the footprint of the original arch dam. Due to the
steep dip of the fault, it passes about 100 feet below the dam
base. Changes in the alignment of the dam may be made in the
final design to improve safety.

A related issue is the possibility of reservoir-induced
seismicity (RIS) caused by the filling of a reservoir. The weight
of the water and the increase in hydrostatic pressures in the rock
mass could increase the pore pressure along pre-existing fault
surfaces. This increase could induce seismic activity along
faults already experiencing critical stress and threaten the
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0 integrity of the dam. The potential for RIS appears to increase
with both the depth and volume of the reservoir. However, the
possibility for RIS is very low for a flood-control-only dam since
large volumes of water are not regularly impounded over long
periods of time.

Numerous technical issues will have to be resolved during the
Engineering and Design phase. The non-Federal sponsor has
recommended that an Independent Consulting Board of Experts be
established to guide the detailed design and construction effort.
This panel will bring together the best knowledge and experience
available at the national and international level to ensure a safe
project.

c. California State Highway 49 Relocation. - Operation of a
flood control dam at the Auburn site would impact existing State
Highway 49. Analysis of these impacts was required to determine
if the extent of impacts would be sufficient to warrant a
relocation of the highway, and if warranted, determine the most
appropriate relocation.

(1) Description of Impacts. - Factors contributing to
the decision to relocate Highway 49 include inundation potential,
the existing and future need for the highway, economic dislocation
to users of the facility, engineering considerations, and public

* and safety factors.

0 Inundation Potential. - The existing bridge
crossing, located just downstream of the confluence of the Middle
Fork with the North Fork American River (approximate RM 23.5),
would be subject to inundation if a flood control dam is
constructed at the Auburn site. The existing bridge crosses the
North Fork American River at elevation 587. On the basis of
information in Plates 4 and 5, Table B-15 shows inundation periods
for various frequency-flood events and their probability of
occurrence over the life of the project with both the 200- and
400-year flood control dam structures. The elevation of the
existing bridge is exceeded in a 4-year event. There is a
25 percent chance that this size flood would occur in any
particular year and about a 50 percent chance that this inundation
would occur every 2 years. These statistics indicate that there
is significant potential for inundation on a relatively frequent
basis.

0 Need for the Highway. - Highway 49 is an important
State route connecting the Foothill communities with the Cities of
Auburn and Sacramento. Highway 49 also connects Auburn and
Placerville. In recent times, Highway 49 has been upgraded from
2-lanes to 4-lanes along much of its length from Nevada City to
its junction with Interstate-80 in Auburn. The California
Transportation Department (CALTRANS) recognizes the need to
upgrade the remainder of the road but has delayed work on the
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S
portion of Highway 49 south of Auburn because of potential impacts
resulting from the authorized Bureau of Reclamation multipurpose
dam at the Auburn site. Existing traffic use indicates about
7,000 vehicles per day use Highway 49 between Cool and Auburn.
CALTRANS anticipates that use of this road will continue to
increase and is against any inundation of the road. There is
consensus that Highway 49 is an important State highway and the
need for it will continue to increase over time.

TABLE B-15

ESTIMATING INUNDATION IMPACTS TO EXISTING
STATE HIGHWAY 49 BRIDGE

Probability of Occurrence Once
Flood Event During 100-Year Life of Project Inundation
(Return Period-Yrs Project (Percent) Period (Days)

400-Year Flood Control Dam

400 21 18
200 40 16
100 63 14

5 100 2 0

200-Year Flood Control Dam

200 40 11
100 63 9

5 100 1

Economic Dislocation. - Closure of the existing
Highway 49 bridge, due to inundation, and repairs of damages
resulting from inundation, will block access on Highway 49 between
Auburn and Placerville and cause increases in commuting times for
the public to and from Auburn, Placerville, Sacramento, and nearby
communities. The public could be cutoff or have extended
commuting times to schools, hospitals, doctors, employment,
stores, banks, and other necessary services. Businesses dependent
on access via the bridge would suffer significant economic
impacts. Closure of the bridge for extended periods of time could
reduce public access to parts of western El Dorado County, and a
prolonged closure would impact the Coloma and the Marshall Gold
Discovery State Historic Park, Pilot Hill, Greenwood, Georgetown,
Volcanoville, and other small communities in the area. Areas in
western Placer County would also be adversely impacted. Many
businesses depend on this travel for their economic survival.
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Closure of the Highway 49, American River bridge would
increase traffic on already clogged metropolitan highways at
Folsom and Sacramento. Rerouting traffic potentially increases
congestion on Highway 50 in certain sections by over 10 percent.
CALTRANS has indicated that a diversion through Folsom and US-50
would increase traffic congestion of an increasingly congested
area, and that is unacceptable. Large commercial trucks, such as
logging trucks, are not allowed on potential alternative routes
through Folsom, so their detour must occur through Sacramento.
Knowlwdgeable locals are likely aware of alternative routes to
Auburn via unimproved roads but these could not handle significant
traffic, would have severely limited speeds, and large vehicles
would be prohibited.

For an average speed of 30 miles per hour, people in the Cool
area would spend at least 1 hour 15 minutes to go the 38 miles
around Folsom Dam to Auburn, one way. This is an increase of
about 1 hour over normal travel time. The public would be forced
to assume the additional burden of the increased travel time as
well as the increased costs in vehicle operations and maintenance
during the time Highway 49 is impassible. When Highway 49 was
closed for about 2 months after the 1986 flood, there was heavy
pressure from residents in the area to make repairs as quickly as
possible.

Engineering Considerations. - Inundation of the
American River canyon impacts geologic stability on the access
roads to the bridge as well as the highway along the steep valley
walls. Most of the existing Highway 49 in the canyon is not built
in cuts through bedrock, and is therefore subject to the road
sliding downhill. Basic geotechnical evaluations of the canyon
have concluded that the repetitive filling and emptying of the
reservoir behind the proposed dam will continue to remove those
portions of the slopes which are already prone to failure. It is
difficult to determine the frequency and extent of future slope
failure.

In 1986, a slope failure occurred on the highway which caused
major road failure as a result of the inundation by floodwaters
and rapid drawdown of the water level from the cofferdam break at
the Auburn site. This failure closed the road from February 17
through April 10, 1986. Inundation from the proposed dam during
floods is likely to rejuvenate slope failures, and could create
new slope failures. Wetting the toes of the current slope
failures could cause instability resulting in the movement of
material above the line of inundation, threatening the existing
roadway. These conditions indicate that a relocation of the
highway is appropriate.
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The structural integrity of the existing bridge does not
appear to be a factor which indicates a relocation is necessary.
The current bridge was inundated under 90 feet of water in 1986
without major problems. The bridge could likely withstand
occasional inundation with little problem if the rise and fall of
water was not rapid. There would be increased stress and risk on
the bridge, but it should be insignificant. Occasional inundation
would increase operation and maintenance costs, however.
Corrosion would likely increase. Repaving would also likely be
increased.

Public Health and Safety. - If the existing roadway
and bridge are not relocated there will also be an increased risk
to public health and safety. Public services such as medical,
ambulance, fire, and police could be blocked or have increased
response times. Rerouting of traffic may also increase the number
of traffic accidents as people will be traveling unfamiliar
routes, traveling farther distances, and driving in more congested
traffic.

(2) Alternative Realignments . - As a result of the
determination of the need to relocate the bridge several
alternatives were examined. These alternatives include the RM 19,
RM 17, Middle Fork crossing, low level RM 23, and high level
RM 22.3 alignments. These alternatives are described below.

0 Middle Fork Crossing. - This alternative includes a
new road and high steel truss bridge from Interstate 80 via
Auburn/Foresthill Road to Cool. In addition to a new high bridge,
it includes adding one additional lane to the existing
Auburn/Foresthill bridge. It provides a locally desirable route
for the highway to service areas to the north towards Nevada
County. The estimated cost of this alignment is $130 million.

* River Mile 17. - The alignment of this alternative
diverts from Highway 49 just north of Pilot Hill, crosses the
North Fork of the American River at RM 17, and rejoins Highway 80
at the existing Newcastle intersection. Alternatives 2 and
3 share the same alignment from the Newcastle intersection for
approximately 3 miles. This bridge crossing can be achieved at a
lower elevation than others, consequently, a concrete bridge would
be constructed. This bridge would be a post-tensioned concrete
double box girder utilizing cast-in-place segmented cantilever
construction methods. Again, the Newcastle intersection would
have to be upgraded. This alternative has an estimated first cost
of about $98 million.

• River Mile 19. - This alternative includes a new road
and high steel truss bridge from Interstate 80 near Newcastle to
Highway 49 about midway between Pilot Hill and Cool. The existing
Newcastle interchange is more easily upgradable than others to
accommodate the alignment and increased projected traffic levels.
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The bridge length for this alternative would be greater than for
* the other alternatives. The estimated cost for this alternative

is about $133 million and is the most expensive alternative
examined.

0 River Mile 22.3. - This alternative includes a new
road and a new steel truss bridge that crosses the North Fork of
the American River at RM 22.3. The bridge crosses the river at
about elevation 1,300 feet. The relocated highway begins about
1/2 mile north of the community of Cool, continues westward,
across the North Fork of the American River (elevation 1,300), and
intersects High Street in Auburn. The bridge is about 0.9 miles
long. The road realignment would be about 2.8 miles long. The
estimated cost of this bridge is $99 million.

* River Mile 23.0. - This alternative includes a new
road and a concrete bridge that crosses the North Fork of the
American River at RM 23.0. This alignment crosses the North Fork
at a lower elevation than the PM 22.3 alternative allowing the
construction of a concrete bridge. The road alignment deviates
from the existing road near the Middle Fork of the American River
(between Louisiana Bar and New York Bar), travels westward,
crossing the North Fork, and then enters the Auburn area near High
Street.

(3) Relocation Alignment Selection. - The selected
alignment for this project is the RM 23.0 alternative. Several
factors contributed to the elimination of the other alternatives
and the selection of this option.

The middle river crossing, RM 17, and RM 19 alternatives were
eliminated as less viable. A key factor in evaluating the various
alternatives was that current Corps guidance limits the relocation
to in-kind for the existing Highway 49. The RM 17 and 19
alternatives, rejoining the Auburn area at Newcastle, rather than
east of Auburn as in the existing road, significantly change the
existing flow of traffic from the Cool area to Auburn.
Consequently, these alternatives did not meet the criteria for
relocation and were eliminated. The RM 22.3 and 23.0 alternatives
were retained. Table B-16 shows the cost estimates for these
2 alternatives. The RM 22.3 alternative significantly reduces
travel time between Cool and Auburn. However, this betterment
does not fill the replacement in-kind Federal criteria for road
relocations. Consequently, the RM 23.0 relocation was selected
for this project feature.

The Corps-selected alternative is preferred because it would
be the minimum height relocation needed to allow crossing of the
filled detention dam and would result in minimum impacts on
existing traffic patterns.
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The right-of-way for the selected relocation would be about
200 feet wide and require about 31 acres. The new alignment is
entirely within the American River canyon and exists and rejoins
the existing Highway 49 within the canyon. This relocation is
approximately 9,300 feet in length and consists of four concrete
bridges and a short length of connecting roadway. The road
profile was kept above elevation 995, maximum pool elevation for
the proposed project, at all locations.

The State of California, the Non-Federal sponsor responsible
for the relocation, intends to conduct additional route selection
studies and may choose during the detailed design phase to adopt
another alignment as a betterment. The State will provide
additional environmental documentation if they choose another
alignment providing betterments to the existing highway.

TABLE B-16

HIGHWAY 49 RELOCATION ALTERNATIVES
(First Cost $1,000)1

Item High Level Bridge Low Level Bridge
(PM 22.3) (RM 23.0)

Lands 7,600 1,100

Bridge 90,900 72,300

Total 98,500 73,400

'losts updated October 1990 prices to October 1991 by the
following ratios: 1) Lands - 8 percent; 2) All other - 4.1
percent.

d. Outlet Sluices. - Another structural feature of the dam,
included in the selected plan, are gated outlet sluices. The
purpose of such gates is for system safety and would be used only
in the case of failure or imminent failure of the flood control
system downstream from the flood detention dam at the Auburn site.
Considering the large number of people protected by the flood
control system, it is essential that every opportunity available
be used to ensure the integrity of that system. The incorporation
of emergency gates into the design of the dam's outlet structure
offer such an opportunity, and are found on virtually every dam of
this size designed and constructed by the Corps. The primary
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* benefit of temporary gate closure, under emergency conditions,
would be to provide additional time to either make the necessary
repairs or to evacuate people. Just a few extra hours under such
circumstances could save hundreds of lives.

An example scenario will help to describe how the gates could
be used during an emergency:

The most likely time for a levee emergency would be during
the waning stages of a very large flood. At this time, lower
American River levees would have been withstanding design or near-
design floodflows for a day or two; Folsom Reservoir is nearly
full, and unrestricted Auburn Dam discharges near a maximum. If a
serious levee problem developed without gates at Auburn, there
would be no way to temporarily reduce lower American River flows
to enable emergency repairs or even to close a levee break. With
gates, Auburn releases could be cut drastically and Folsom
reoperated somewhat to reduce floodflows temporarily. The amount
and length of the reduction depends on the size of the flood, the
kind of storm and flood hydrograph, and the size of the flood
control dam and its design.

The potential scenario is similar to the 1986 Yuba River
levee failure at Linda. On the American River, a levee break
could be visualized near H Street bridge (California State
University at Sacramento). The American River has been at project
flood stage of 42.8 feet for a day (115,000 cfs).

If we assume a 100-year flood and the selected plan dam size
is the 200-year, 545,000 acre-feet, storage in this scenario is
approaching a peak of 380,000 to 400,000 acre-feet and discharge
would be around 80,000 cfs. Closing all the gates would cause
storage to rise and surcharge until spillway overflow reached
50 to 60,000 cfs on a receding flood inflow hydrograph. Reservoir
storage would then be around 590,000 acre-feet. The net effect-'
would be to reduce Folsom Reservoir flood inflow temporarily by
about 200,000 acre-feet. This would make it possible to cut
Folsom releases in half (slowly so as not to cause added levee
slumping) to around 55,000 cfs. The 200,000 acre-feet would
enable operation at the reduced flow for about 30 hours, enough
time to make an emergency levee repair, if the situation was not
too bad, or to evacuate people.

At 55,000 cfs, the American River stage would be lowered by
around 5 feet. Since natural ground on the landside of the levee
is around 6 feet below flood stage in this vicinity, the flow
reduction should be adequate to enable emergency repairs of a
potential levee break.

With a 200-year sized flood in a 200-year dry dam (Plate 5 of
* Reservoir Control Appendix), a similar situation would have much

less slack. The flood control dam would be nearly full,
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520,000 acre-feet, still slowly filling, and discharging around
87,000 cfs. In this case, the reservoir could be surcharged to
around 600,000 acre-feet (elevation 882 feet) before spillway
overflows reach about 80,000 cfs. This may leave only 60,000 to
70,000 acre-feet of relief for Folsom Reservoir. Again, with
gradual lowering of Folsom releases, this would allow only about
5 hours of flow reductions to 55,000 cfs. (But could be around
15 hours at 75,000 cfs.) Another way to gain time in this latter
scenario is to surcharge some at Folsom Dam, which would yield
about 5 hours more time for 2 feet of surcharge at 55,000 cfs
compared to 115,000 cfs. Obviously, this second design flood
scenario does not have the flexibility available with gates that a
somewhat smaller flood would have.

These hypothetical examples show that the ability to control
releases from the flood control dam with gates can add to the
public safety margin below Folsom Dam in the event of an
unexpected levee problem along the lower American River levees.
This is particularly so at floodflows less than design. The
additional inundation time in the canyon above the dam would be
only the length of the flow reduction--probably a day or two.

There would be approximately 8 to 12 hours of lag time
between when the emergency had been identified and flows would be
reduced. This lag is composed of time to evaluate the situation,
to make the decision to close the gates, to gradually reduce
Folsom releases so as not to induce other levee problems, and for
travel time from Folsom to the point of stress. This time would
be spent determining the best method to repair the levee and in
mobilizing repair forces and materials. Even if the attempt to
prevent this hypothetical levee failure were unsuccessful, the
flood volume temporarily stored behind the dam structure would be
that much less volume which would flow through the levee break and
flood developed areas, thus reducing flood damages. In addition,
the time of reduced flows would increase the evacuation time from
threatened flooded areas.

If two of the sluices were to be left ungated, the timeframe
for emergency repair would be reduced by 2 to 4 hours. The amount
of storage withheld from damaging areas would also be reduced by
10,000 to 20,000 acre-feet. The reason to leave any of the
sluices ungated would be to alleviate the fears of many groups who
feel that the emergency gates are in reality permanent water
storage gates. A pair of ungated sluices would prevent water from
being permanently stored behind the flood control structure.

The decision to close the emergency gates would involve
several flood control agencies in the area. During a large flood,
the State-Federal Flood Operation Center would be in operation.
Under these flood circumstances, a representative from the Corps
would also be on duty at the flood center. In 1994, the flood
center is scheduled to be located in the new Water Operations
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* Center. The USBR CVP and State Water Project Operations Centers
will also be located in the same building.

The actual decision to close the emergency gates would most
likely be a consensus based on real-time evaluations of the flood
emergency situation by officials of the DWR, Corps, and USBR
(operators of Folsom Dam) with input from the National Weather
Service, California/Nevada River Forecast Center, and local
agencies. The consensus process would include consideration of
all options available to fix or stabilize the problems, with
emphasis on public safety. If the major agencies did not agree,
the final decision would rest with the Corps' Sacramento District
Engineer, since the Corps has responsibility for flood control
space in Folsom.

There is no way to predict the probability that these types
of emergency events will occur. However, should they occur, it
would be very advantageous to have the emergency facilities
proposed for the flood control dam available. They would help to
reduce the impacts of these events or even to prevent a
catastrophic occurrence.

e. Aggregate Borrow Sources. - Several alternative sources
of aggregate for construction of the dam were examined. Each of
these alternatives are discussed below.

(1) Middle Fork American River Bars. - Sand and gravel
bars along the Middle Fork American River are a potential source
of significant quantities of aggregate. These deposits lie along
an approximate 7 mile reach of the river starting about 5 miles
upstream of the proposed damsite at Mammoth Bar and ending at
Cherokee Bar. The exposed gravel bars along the Middle Fork were
estimated to cover an area of 180 acres. Table B-17 summarizes
information related to each bar.

Due to annual flooding of the aggregate bars in the river, it
is assumed that the bars will be accessible between 8 and 10
months of the year. Since most of the aggregate is underwater, it
is likely that draglines would be used for excavation. Based upon
required production rates, three to four large draglines working
12 hours per day would be needed. A maximum of two draglines
could work each bar because of space limitations. The draglines
would dump their buckets into a portable track-mounted primary
processing unit. This unit would consist of a hopper, primary
screen, jaw crusher, and conveyor. Aggregate would be screened to
remove oversize material, crushed to 3-inch maximum size, and
conveyed by a series of portable conveyors to the primary
conveyor.

Most of the aggregate processing could be performed in plant
* located above Mammoth Bar. This allows storage of aggregate in

areas distributed along the primary conveyor.
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TABLE B-17

SUMMARY OF MIDDLE FORK AMERICAN RIVER
AGGREGATE BORROW SOURCE

Location Average Depth Area Volume
to Bedrock (Sq-ft) (Cubic Yards)

(feet)

Mammoth Bar 31.4 971,250 1,129,500

Texas Bar 31.2 996,000 1,150,900

Browns Bar 30.4 599,000 674,400

Kennebeck Bar 31.5 719,000 839,000

Hoosier Bar 25.9 649,000 622,500

Buckeye Bar 27.6 1,104,000 1,128,000

Maine Bar 21.0 249,000 194,000

Philadelphia
Bar 23.7 907,000 705,000

Poverty Bar 27.5 1,152,000 1,173,000

Cherokee Bar 18.0 1,484,000 989,000

Channel
Deposits 6 4,357,000 968,000

WeightedAverage 26.51 TOTAL 9,573,000

iExcluding depth of channel deposits

(2% Old Cool Quarry. - The existing Cool Quarry is
located approximately 1-1/4 miles north of the town of Cool on the
east side of Highway 49 in El Dorado County. This quarry is
currently leased and operated by Spreckles Limestone and
Aggregate. The operator estimates reserves of 12 million tons of
marble and 100 million tons of metavolcanic rock. The currently
permitted quarry has a 600 tons per hour processing capability and
has enough available on site storage space to stockpile several
million cubic yards. This site is considered to be one of the
least environmentally damaging.
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S (3) Cool Quarry Amphibolite. - This site is located
immediately west of the existing Cool Quarry. The proposed quarry
site is adjacent to the large existing quarry about 2 miles east
of Auburn. This site is a likely candidate for a new quarry
operation in the vicinity of the damsite.

(4) North Fork American River AggreQates. - Several sand
and gravel bars along the North Fork lie between the backwaters of
Lake Clementine and Ponderosa bridge, a distance of about 4 miles.
It is estimated that between 2 and 4 million cubic yards of
aggregate could be available in these bars, Lake Clementine may
have additional aggregated borrow sources. It appears that total
quantities of materials in the lake would be insufficient as a
serious aggregate source. In addition, extracting this relatively
small amount from a significant underwater depth would be very
expensive, create an enormous turbidity problem, and would be
technically difficult to implement.

(5) Oregon Bar Pluton and River Mile 22.4 Quarry Site. -
The Oregon Bar Pluton potential quarry site is located near the
proposed damsite. However, the extensive shearing and deep
disintegration of the rock, the Oregon Bar Pluton is not
considered a viable source.

The potential quarry site at RM 22.4 is located in theS downstream portion of the left abutment for the earlier proposed
dam at RM 22.4. The rock appears suitable for aggregate and is
located close to the damsite. However, environmental problems at
this site are immense. The quarry would be in full view of homes
built around Robie Point at the bridge of Auburn, a distance of
about 2,500 feet directly access the river from the site.

(6) Bear River and Chevreaux Quarry. - These deposits
along the Bear River, located on Highway 49, could provide large
quantities of material. Aggregate would have to be trucked to the
Auburn site.

(7) Mississippi Bar. - The bar located on the south
shore of Lake Natomas is owned by the Government and was used to
supply aggregate for Folsom Dam construction. Deposits could be
trucked to the site or transported via railroad.

(8) Yuba River. - Deposits near Marysville consist of
vast dredge piles. The quality of aggregate is well established
and could be delivered to the Auburn site by either truck or
railroad.

Of these nine alternative borrow sites, six were examined in
more detail. These six are the Middle Fork American River sand
and gravel deposits, Old Cool Quarry (Spreckles), Cool Quarry
Amphibolite, Chevreaux property, Mississippi Bar, and Yuba River
dredge fields. Detailed evaluations are found in Appendix R. As
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a result of these detailed evaluations, the selected aggregate
borrow source for the upper American River work is the Old Cool
Quarry site. This site was chosen because of its proximity to the
damsite, adequate supplies and stockpile areas are available, and
environmental impacts are minimized since the source is a
currently operating quarry.

f. Spoils. - Spoils are waste materials generated during
excavation for various project features. When excavations are
required to construct project features material removed is used to
the extent possible in the construction of the features. However,
there is always material generated which is not suitable for
construction and must be wasted. While exact quantities of spoils
and disposal locations cannot be finalized until construction
occurs, estimates have been made of quantities and potential
disposal locations.

The total amount of spoils can be divided into existing
spoil, which was originally generated from construction operations
by the USBR, and new or potential spoils which would be generated
by construction activities at the Auburn Dam site in the early
1970's, approximately 8 million cubic yards of material had been
generated. Most of this material had been disposed of in the
upper cofferdam or in boat ramps. When the cofferdam failed in
1986, a large portion of this material was washed downstream and
deposited. Much of this material needs-to be disposed of in order
to construct the flood control dam. The cofferdam debris consists
of rock fragmented material.

Additional spoil would be generated during earthwork
associated with the construction of the currently proposed dam.
An estimated 5.5 million cubic yards of material consisting of
material from clearing and grubbing operations, excavation of
keyways, and potentially unstable hillside material.

Two banking areas have been identified that have sufficient
capacity to accommodate both existing and potential future spoil
material. These include (1) the existing keyways located adjacent
to the upper cofferdam (3 million cubic yards) and (2) an area
near the Salt Creek drainage (4.5 million cubic yards available).
In the existing keyways, material would be placed and contoured to
fit existing topography, and then revegetated. The Salt Creek
site is located less than a mile upstream from the damsite and
originally served as a major spoil bank during the earlier
construction activities. Final placement would also involve
contouring to coincide with adjacent topography and would be
revegetated.

g. Natomas Area Protection. - As indicated, Natomas can be
flooded due to levee failures at several locations from the
American and Sacramento Rivers. The primary flooding threat is
from levee overtopping and/or failure along the NEMDC. However,
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during rare events (in excess of about 150 years), flooding would
also be likely from failure of the NCC. So, using the management
measures previously described for Natomas, features were assembled
focusing on raising levees along the NEMDC and the cross canal or
raising the NEMDC levees and constructing new levees across the
Natomas basin at several locations. One such across-Natomas
option consists of a levee along Del Paso Road. This option would
protect only the currently developed southerly one-third of
Natomas. Another alignment bisects Natomas with a cross lievee.....
along Elverta Road. This alignment would also protect the
Sacramento Metropolitan Airport. There are other across-Natomas
options. Following is a description and comparison of each option
assuming a 200-year level of flood protection with flows in the
American River of 115,000 cfs.

(1) Full Natomas Protection. - Primary features of a

full-Natomas include the following:

"• Raise the west NEMDC levee.

"• Raise the south levee of the cross canal.

"* Raise the west Pleasant Grove Creek Canal and
modify a levee at Sankey Road.

0 • Raise the east levee of the NEMDC.

"* Construct a gated pump station on the NEMDC just
north of Dry Creek.

"* Construct a new levee along the north side of Dry
Creek.

To offset induced flooding impacts, the following hydraulic
mitigation features were included in this alternative.

"• Extend the existing south Dry Creek levee.

"* Raise the south and north Arcade Creek levee.

"* Construct a detention basin in north Natomas.

In addition, to offset the potential adverse backwater
impacts along Dry Creek, the new levee on the north side of Dry
Creek and the gated pumping station on the NEMDC would
significantly reduce existing flood problems in the southwest
areas of Rio Linda by providing well over a 100-year level of
flood protection.
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(2) Elverta Road Cross Levee. - This option primarily
includes a new levee across Natomas generally along Elverta Road.
The option provides protection to the Sacramento Metropolitan
Airport and other significant currently planned developments.
Primary features of the plan include the following:

0 Raise the west levee of NEMDC.

* Construct about 7 miles of new levee across Natomas
just north of Elverta Road.

0 Construct an overflow weir in the Garden Highway
levee just north of the terminus of the new
cross levee.

Features to offset induced flooding would be similar to those
tor full Natomas protection except there would be no requirement
for the detention basin in north Natomas. During a major event
(i.e., 100 year or greater), the volume of floodwaters in the

American and Sacramento Rivers is more than adequate to fill
Natomas to overtopping the Garden Highway levees from the inside
out in the southwest portion of Natomas. This would allow some
floodwaters to flow back into the Sacramento River. Given the
broad surface area of a flooded Natomas (allowing high
wind-generated waves) and low potential for levee stability when
flooded from the landside (as well as the waterside), it is likely
that levees would fail, allowing flow from Natomas into Sacramento
River when there is a differential in head of probably between 4
to 8 feet. Accordingly, since there is a significant increasing
gradient in water surface elevations from south to north along
Sacramento River, levees constructed across Natomas would cause
the floodwater to be significantly deeper than it would have been
had there been no cross levee. To compensate for the increased
flood depths on lands north of the levee several options are
available. One would be to acquire flowage easements in Natomas
on all lands north of the cross levee. Another would be to
include into the project some kind of weir and pumping facilities
to facilitate evaluation of trapped (induced) floodwaters in north
Natomas to Sacramento River. Either concept would be extremely
costly. For simplicity, this option includes acquisition of
flowage easements on about 22,000 acres.

(3) Del Paso Road Cross Levee (Developed Area
Protection). - This option would protect only the currently
developed southerly one-third of the Natomas basin. It would
primarily include a Natomas cross levee along Del Paso Road. In
addition, flood protection to the Sacramento Metropolitan Airport
would be provided by construction of a separate ring levee. Of
the three Natomas alternatives, this one would result in the least
amount of protected land. Primary features of the plan include:

Raise the west levee of NEMDC.
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* Construct new levee across Natomas just north of
Del Paso Road and a ring levee around the
Sacramento Metropolitan Airport.

Construct an overflow weir in the Garden Highway
levee just north of the terminus of the new cross
levee.

Features to offset induced flooding would be similar to the
Elverta cross levee concept, except more land would be included in
the flowage easement requirement for full Natomas protection and
there would be no requirement to widen Fremont Weir.

(4) Comparison. - Table B-18 shows a comparison of
major accomplishments, costs and benefits for the three
representative Natomas options. As indicated, protecting all of
Natomas is significantly more cost effective than protecting only
a portion of the area. This is true even if requirements for
flowage easement (hydraulic mitigation) is ignored, as shown in
Table B-18.

Even though the full basin option is less costly, various
interest groups question the rational of protecting all of
Natomas. They claim that protecting all Natomas would trigger
urbanization in the entire basin that would (1) result in further

* destruction of important environmental values and (2) place
greater numbers of people at risk of major flooding. There is the
belief that protecting only a portion of the basin would somehow
prevent the impacts from occurring.

There is little evidence to indicate that a cross levee would
preclude urbanization in north Natomas. Either of the cross-levee
options would leave approximately six low spots along the Pleasant
Grove Creek Canal and the NCC to be upgraded. The cost of
upgrading these spots would be about $2 million. Reclamation
District 1000 or other local interests could construct these minor
improvements and thereby provide a minimum 100-year level of
protection to the northern portion of Natomas. Should this occur,
not only would excessive Federal and non-Federal funds have been
spent, but many new residences and businesses in northern Natomas
would be provided only a minimum level of increased flood
protection.

h. Hydraulic Mitigation. - Flood control works on the
American River can help alleviate--but cannot solve--flood
problems in Natomas. Conversely, protecting Natomas cannot be
accomplished without costly and complex levee and related
modifications along the American and Sacramento Rivers.
Accordingly, once the American River is controlled to a particular
level of protection, Natomas can be provided similar levels of

* protection with relatively minimal levee modifications.
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TABLE B-18

COMPARISON OF NATOMAS FLOOD-CONTROL-ONLY OPTIONS 1/
200-YEAR PROTECTION

Aitentives Full Prot South Area Developed Area
Protection Protection

Accomptastusets

Doveloped Aces Protected 7,260 6.280 6,280

Agniciltunal/Vsaict Acres Prc•oed 47,620 27,120 6,020

Highway miles 25 19 o0

Area Lft Unprotected (Acres) 0 21,480 42,580

Levees Raised (Mile.) 9 5 5

Ne. Levees (Mile.) 4 8 14
Levee Fill (Million Cubic Yards) 0.6 2.8 7.0
Bridge Relocation Main Ave. 0 NEMDC Main Ave. 0 NEMDC Main Avenue @ NEMDC

Gated Pump Structue NEMDC 0 Dry Creek NEMDC 0 Dry Creek NEMDC 0 Dry Creek

Flood1oy Channel Pleasant Grove Creek Canl 0 SnoJry Road No No

Flowvge Easements (A-ies) 300 21.480 42,580

L.vee and Related Improvemoent 21 18 18

Lando 31
Conotencio 13 22 29
Flonesge Easements 4/ 100 200
Environmernsl Mitigation 6 9 17

Totsd

With Easements 42 149 274
Without Eosements 42 49 74

Aonts Cot PI(M~lm

With Rosementa 4 13 24

Without EAstmeets 4 5 7

Beoofits ($1,000) 42 34 12

Nit AgnuWs flood Cotitrol BeeItcFA*(~llss. ___________

With a.nsemnent. 38 21 -12

Without Fesmt. 38 29 5

Advantages 0 100-year FEMA protection to s11 Naot-s * 100-yrear FEMA protection to area, 2/3 of 0 100-ye-r FEMA protection to developed
"* Support by local governmett and ares Notomnas area

resident. 9 Reduced ch.- of mecondary adverse 4 Liloly supported by environmental grooup" Lo-et cost &d higheot net eoootmic impact.

beefit.

Di.tfdvntoge. 4 Lil0ly essults in high sdvseo scondary * Littlo soppoi by local ore governments * Little or no eco.omic feasibility
impacts without adequate mitigation and local owners 9 Little support by local so- governments

* Would nst prevent future develotesent in and land ooners
usprotected areas * Would .no prevent future developeoent in

unprotected soso

I/ Reconnaissance scope information for general comparison only.

2/ October 1990 price levels.
3/ Assume $6,000 dollars per acre. A detailed estimate would show varying real estate costs from highest in the south to lowest in North Natomas, with an

average likely significantly in excess of $5,000.
4/ Assumes 75 percent of fee value.
5/ Based on an 8-7/8 percent discount rate and 100-year period of analysis.
6/ Includes location benefits which are greatest for the full basin plan.
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* Primary flood control measures are described here as those
required to provide a specific level of protection. These include
raising levees on NCC, Pleasant Grove Creek Canal, and NEMDC and a
pump station on NEMDC. Secondary measures are those necessary to
offset any adverse hydraulic impacts caused by the primary
measures. For instance, raising a levee on one side of a channel
may induce flooding on the other side of the channel. So, a
hydraulic mitigation measure could be raising the levee on the
affected side of the channel enough to offset the potential
impact. Following are descriptions of the primary flood control
measures and related secondary--or hydraulic mitigation--measures.
Table B-19 summarizes the primary and secondary features, their
size, cost, and damages prevented.

(1) Levee Modifications Along the NEMDC. - Levee
modifications along both sides of the NEMDC are primary features
to protect vast areas from flooding in Natomas, north Sacramento,
and lower Dry and Arcade Creeks. The gated pump station and north
Dry Creek levee would protect Natomas (from levee failure north of
the pump station) and the Rio Linda area. Project flood elevation
will be 6-8 feet lower than without-project conditions resulting
from American River backwaters. Because of these modifications,
flood depths could be greater in areas upstream along Dry and
Arcade Creeks than before the modifications. Accordingly,. secondary measures to mitigate for work along the NEMDC include:

Extend the existing south Dry Creek levee 2,400 lineal
feet east to Rio Linda Boulevard.

Raise 2,400 lineal feet of levee on the north side of
Arcade Creek just downstream from Marysville Boulevard
about 3 feet.

Raise 1,200 lineal feet of levee on the south side of
Arcade Creek downstream from Marysville Boulevard about
1 foot.

The total estimated first and annual costs (1990 price
levels) of these features are $4,500,000 and $400,000,
respectively. The average annual "savings" in induced flood
damages through the secondary feature is about $170,000.

(2) Pleasant Grove Creek Canal Levee and Sankey Road
Modifications. - The primary features of (1) raising 500 lineal
feet of the west levee of Pleasant Grove Creek Canal about 1 foot
at two bridge crossings, (2) modifying a containment levee across
the canal at Sankey Road, and (3) raising 3,000 lineal feet of
East Levee Road about 4 feet from Sankey Road south preclude levee
failure into north Natomas and resulting flooding from the NCC and
the east-side streams. Again, during major flood events, these
project features would result in a higher ponding of water
upstream. To compensate for this impact, a 10,600-foot,
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O 3,000-cfs-capacity discharge channel from Sankey Road south to the
Riego Road is included as a mitigation feature. The channel will
act to reduce the upstream water stage to without-project
conditions. The additional volume of floodwater flowing in the
NEMDC would increase the ponding elevation upstream from the pump
station. This increase still is much less than the water-surface
elevations in the NEMDC without the project. The first and annual
costs of the mitigation feature are $1,300,000 and $115,000,
respectively. The average annual savings in induced flood damages
is probably between $50,000 and $100,000.

(3) Levee Modifications Along The NCC. - The primary
feature of raising 18,000 lineal feet of the south levee of the
NCC about 0.5 foot would preclude flooding of Natomas primarily
from the Sacramento River. During extremely rare flood events,
this action would induce additional flooding in the Pleasant Grove
area (increase depth by about 0.4 foot) and possibly cause
flooding to lands on the other (north) side of the NCC. A number
of possible hydraulic mitigation actions were considered. These
include: (1) purchase flowage easements on about 8,000 acres in
the Pleasant Grove area, (2) construct new storage upstream from
Pleasant Grove on East Side Canal and Pleasant Grove Creeks, (3)
construct a detention basin in north Natomas including containment
levees and the flooded area within the levees, and (4) lengthen
Fremont Weir. The least costly and most effective action chosen
for the selected plan includes a detention basin in north Natomas
(total storage of 3,000 acre-feet on a 300 acre area of land).
About 11,600 feet of containment levees in the northeast corner of
Natomas would be required. Also included would be six 8' x 8'
concrete box culverts with sluices gates in the Pleasant Grove
Canal levee. The estimated first and annual costs of the
mitigation features are $5.6 million and $540,000, respectively.
The average annual savings in induced flood damages are between
$50,000 and $100,000. Despite the low benefit-cost ratio, it
should be noted that there are social consequences associated with
the flooding in the Pleasant Grove area. There are about
70 residential dwellings within the flood plain in addition to a
cemetery and school. Also, during 1986, flooding a fire station
was inundated at shallow depths. There has been significant
public reaction related to the potential for induced flooding,
even though it is only about 0.4 foot on areas already flooded up
to depths of 5 feet.
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CHAPTER V - ALTERNATIVE PLANS AND COMPARISONS

16. General. - Four flood control measures along the main stem
American River and three in Natomas were retained for development
into alternative plans (see Chapter III). These measures are:

Main Stem American River

* Increase flood control storage space in Folsom
Reservoir.

* Increase downstream channel capacity with levee and
channel modifications.

• Make structural modifications to Folsom Dam.
* Construct flood control storage facilities upstream from

Folsom Reservoir.

Natomas

* Construct levee improvements in and around Natomas.
• Construct gated structure and pumping station.
* Construct north Natomas detention basin.

Combinations of these measures were formulated into an array
of alternatives to provide these levels of protection:

* 100-year (FEMA)
• 150-year
* 200-year
* 400-year

When this feasibility study was initiated, the State and its
cost-sharing partners said they wanted the study to concentrate on
plans to provide long-term flood protection. They considered
flood protection to the 200-year level or greater to be essential
for the Sacramento area because of the catastrophic loss of life
and property that would result from levee failure during floods
larger than the existing levee system can safely handle.

To ensure the development and evaluation of a full range of
alternatives, plans were formulated to provide levels of
protection less than 200 years, even though the lower levels do
not meet the public safety objective established by the State and
its cost-sharing partners. The minimum level of protection
considered was 100 years (FEMA)--any lower level of protection
would preclude removal of Sacramento's designation by FEMA as a
flood-prone area. A 150-year level of protection was also
evaluated--because it is about the greatest level of protection
possible without development of flood control storage upstream
from Folsom Reservoir.
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As directed by the congressional authorization for this
study, it was assumed that the USBR multipurpose Auburn Dam would
not be constructed in the foreseeable future. However, because
the American River basin has water resource needs in addition to
flood control, initial planning included a flood control dam with
"advance features," so the dam could be expanded later by
non-Federal interests for water supply and power generation, as
well as a flood control dam that could also provide other
incidental benefits. Subsequent coordination and analysis showed
that these alternatives were either economically infeasible and/or
had no non-Federal sponsor willing to fund the features not
related to flood control. Consequently, these alternatives were
dropped from further analysis.

17. Initial Alternatives Identified. - Twenty-seven alternatives
were initially formulated from the seven flood control measures
carried forward. These alternatives are summarized in Table B-20
and briefly described in the sections below.

As shown in Table B-20, the alternatives are grouped by major
project feature. All the alternatives include measures along both
the main stem American River and in Natomas. However, it became
clear during the formulation and evaluation of alternatives that
any plan would require similar measures in Natomas, regardless of
measures incorporated along the main stem American River or the
level of flood protection provided. Thus, Natomas features are
similar for all alternatives.

Described below are the various alternatives as they apply to
the main stem American River. Also described are the Natomas area
features common to all the alternatives.

a. Main Stem American River. - Flood control measures
applicable to the main stem American River were considered
individually and in various combinations in formulating the
alternatives described below. The measures are grouped into three
broad categories:

* Levee improvements
* Reoperation of Folsom Dam
* Flood control dam upstream from Folsom Reservoir

(1) Levee Improvements. - Various levee improvements and
channel modifications could be made to increase the capacity of
the lower American River to allow an increase in the current
objective release (sustained flow) of 115,000 cfs from Folsom Dam.
As shown on Plate 8, an increase in the objective release to about
145,000 cfs would be required to obtain a 100-year (FEMA) level of
flood protection (equivalent to an 85-year level of protection
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T.

SUMMARY OF INITIAL

ALTERNATIVE Folsom Flood Folsom Objective Lower Folsom Levee Raising
Storage Release Spillway (miles)

Feature Level of Protection (ac-ft) (cfs) (feet)

1. 100-Yr (FEMA) 400,000 145,000 0 21
LEVEE IMPROVEIMENT

S 150-Yr -400-Yr __
FOLSOM REOPERATION 2. 100-Yr (FEMA) 590,000 115,000 0 7
-Modified Storage

150-Yr -400-Yr

-Modified Spillway 100-Yr (FEMA) - 400-Yr

-Modified Storage and 3. 1 00-Yr (FEMA) 555,000 115,000 15 7S~imai

150-Yr - 400-Yr

LEVEE IMPROVEMENT/ 4. 100-Yr (FEMA) 530,000 130,000 0 13
FOLSOM REOPERAInON
-Levee Improvement
RModified Storage 150-Yr - 400-Yr

-Levee Improvement 5. 100-Yr (FEMA) 400,000 143,000 15 21
/Modified Spillway

1 50-Yr - 400-Yr

-Levee Improvement 6. 100-Yr (FEMA) 470,000 130,000 15 13 J!
/Modified Sl~rage and

Spolway 7. 150-Yr 650,000 180,000 2715 27

200-Yr - 400-Yr

FLOOD CONTROL DAM 8. 100-Yr (FEMA) 400,000 115,000 0 7

9. 150-Yr 400,000 115,000 0 7

10. 200-Yr 400,000 115,000 0 7

11. 400-Yr 400,000 115,000 0 7

FLOOD CONTROL DAM 12. 100-Yr (FEMA) 400,000 130,000 0 13
/LEVEE IMPROVEMENT

13. 150-Yr 400,000 130,000 0 13

14. 200-Yr 400,000 130,000 0 13

15. 200-Yr 400,000 180,000 0 27

16. 400-Yr 400,000 130,000 0 13

17. 400-Yr 400,000 180,000 0 27

FLOOD CONTROL DAM 18. 100-Yr (FEMA) 200,000 115,000 0 7
/FOLSOM REOPERATION
-Flood Contol Dam 19. 150-Yr 200,000 115,000 0 7
/Modified Storage

20. 200-Yr 300,000 115,000 0 7

21. 200-Yr 650,000 115,000 0 7

22. 400-Yr 300,000 115,000 0 7

23. 400-Yr 650,000 115,000 0 7

-Flood Control Dam 100-Yr (FEMA) - 400-Yr
AModified Spillway

-Flood Control Dam
VJl___fed SSbrage and 100-Yr (FEMA) - 400-Yr

FLOOD CONTROL DAM 24. 100-Yr (FEMA) 470,000 130,000 0 13
/LEVEE IMPROVEMENT 

I
/FOLSOM REOPERATION 25. 150-Yr 470,000 130,000 0 13
-Flood Contol Dam/Levee
Lrn.pr eamentAlvodified
boage ._26. 20_-Yr 550,000 130,000 0 13

27. 400-Yr 550,000 130,000 0 13

-Flood Control Dam/Levee
Improvement~iodified 100-Yr (FEMA) - 400-Yr
Spillway

-Flood Contol Dam/Levee
ImprovementiModified 100-Yr (FEMA) - 400-Yr

Storage and Spillway

1/ October 1991 price levels and do not indude credirtable expenditures to date.
2/ 8 3/4% interest over 100-year proect life.
3/ Flood control only.
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TABLE 1-20
SUMMARY OF INITIAL ALTERNATIVES FORMULATED

Lower Folsom Levee Raising Bank and Levee Levee Stabllzing New Upstream First Cost Annual Cost
Splihway (miles) Protection (miles) Flood Detention ($millions)' ($mlllons)'
(foe) (miles) (a11-1t)

0 21 10 8 0 176.6 17.3

Not Achievable

0 70 0 0 1891.

-Not Achievable

Mn ,Achfevable

157 0 0 0 154.1 14.3

Not Achievable

0 13 10 71 0 198.5 18.9

Not Achievable

15 21 10 2 0 2279 22.2

Not Achievable __•_;

15 13 10 1 0 225.1 21.7

15 27 10 12 0 495.9 46.6

Not Achievable

0 7 0 0 180,000 4374 41.3

0 7 0 0 430,000 497.7 47.0

0 7 0 0 545,000 535.3 50.5

0 7 0 0 894,000 631.6 59.8

0 13 10 1 170,000 593.8 56.5

0 13 10 1 370,000 568.7 56.1

0 13 10 1 484,000 626.5 59.7

0 27 10 12 328,000 724.8 69.6

0 13 10 1 810,000 719.1 68.4

0 27 10 12 620,000 818.7 77.9

0 7 0 0 330,000 4644 43.8

0 7 0 0 580,000 542.9 51.2

0 7 0 0 598,000 549.5 51.8

0 7 0 0 485,000 674.5 62.6

0 7 0 0 998,000 665.2 61.8

0 7 0 0 778,000 758.8 70.5

Similar to Flood Control Dam

Similar to Darnmodirfed Storage

0 13 10 1 80,000 555.3 52.6

0 13 10 1 350,000 618.6 58.7

0 13 10 1 440,000 705.8 66.5

0 13 10 1 720,000 788.9 74.3

Similar to Daminlevee Improvements

Similar to Dam/Levee lmprovementsiModified Storage



zing Now Upstream First Cost Annual Cost Annual Benefits Not Beneits
Flood Detention ($millllons) ' ($millions)' ($milllons) ($nilflons)

(ac-ft)

0 176.6 17.3 60 42.7

0 12911.6 60 48.4

ge

0 154.1 14.3 60 45.7

0 198.5 18.9 60 41.1

ble

180,000 437.4 41,3 60 18.7

430,000 497.7 47.0 128 81.0

545,000 5353 50.5 166 115.5

894,000 631.6 69.8 202 1422

170,000 59328 56.5 60 3.S

370,000 588.7 56.1 128 71.9

484,000 626.1 29.7 166 106.3

328,000 72448 69.6 166 96.4

810,000 719.1 68.4 202 133.6

620,000 818.7 77.9 202 124.1

330,000 4641. 43.8 60 16.2

630,000 542.9 51.2 128 76.8

598,000 549.5 51.8 166 114.2

485,000 674.5 62.6 166 13.4

W98,000 719.2 61.8 202 1402

620,000 75818 70.5 202 13125

intol Dam

fied Storage

80,000 555.3 52.6 60 7.4

350,000 618.6 58.7 128 69.3

440,000 7054. 6.65 166 99.5

720,000 788.9 7403 202 127.7

Improvements

mentsModified Storage

______60,005553 5.6 03



O using Corps methodology). Levels of protection greater than about
100-year (Corps) are not achievable with levee improvements alone.

Table B-21 summarizes the extent of levee and channel
modifications required to increase the channel capacity of the
lower American River for higher objective releases. As shown,
besides the bank and levee work along the river, the Sacramento
Weir would need to be lengthened. In addition, levee work along
the Yolo Bypass south of the Sacramento Bypass would be required.

Surcharge storage space was used for alternatives utilizing
the existing spillway at Folsom. The reservoir was surcharged to
a maximum elevation of 470 feet, 50,000 acre-feet of surcharge
space, or 4 feet above gross pool. Surcharge storage may be
utilized to obtain additional flood control effectiveness or safer
operation of an existing project in some cases; however, it is not
to be designated as part of the required flood control space.

(2) Folsom Reoperation. - Folsom reoperation
alternatives involve increasing the flood control space in Folsom
Reservoir and lowering the spillway at Folsom Dam. Three possible
alternatives were identified, as described below.

(a) Modified Storage. - By itself, increasing the
flood control space in Folsom Reservoir from the current 400,000
acre-feet could provide a maximum flood protection level of about
100-year (Corps). For a 100-year (FEMA) level of protection, the
flood control space would have to be increased to 590,000
acre-feet. (See Plate 8.) This increase assumes that the
objective release from Folsom Dam would be maintained at 115,000
cfs. It must also be stressed that in order to attain 100-year
(FEMA) level of protection with 590,000 acre-feet of flood control
space, surcharge space within the reservoir as well as incidental
storage in existing upstream reservoirs must be used. Changes
required by this alternative are limited to operation of Folsom
Reservoir. No structural modifications would be required.

(b) Modified Spillway. - Lowering the spillway at
Folsom Dam could increase the flood control efficiency of the dam
if coupled with increases in the objective release or flood
control storage space. However, just lowering the spillway (by
15 feet) would provide only about 70-year protection, just
slightly greater than the current 63-year level. Because lowering
the spillway could not by itself provide 100-year (FEMA)
protection, no alternative was developed.

Surcharge storage was not utilized for any of the modified
spillway alternatives. Structural modification of the existing
spillway alters the flood control operation of the dam in the same
manner as a new project would. Surcharge storage is a contingency

* for control of floods larger than the design flood and is not to
be used in project design.
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TABLE B-21

SUMMARY OF LEVEE AND CHANNEL MODIFICATIONS TO
INCREASE CHANNEL CAPACITY OF LOWER AMERICAN RIVER

Objective Release (cfs)
130,000 145,000 180,000

Lower American
River (miles):

Slurry wall 0.7 0.9 4.1
Toe drain 0.6 2.7 7.8
New levee 0.9 1.0 1.0
Levee raising 0.0 2.7 11.4
Riprap on bank 1.5 1.5 1.5
Riprap on levee 5.3 5.3 5.3
Riprap on bank

and levee 3.2 3.2 3.2

Yolo Bypass -- Extensive levee raising on both sides --
South of Sacramento Bypass

Sacramento Lengthen Lengthen Lengthen 0
Weir 500 feet 1,400 feet 3,600 feet

Other -- Raise Union Pacific Railroad-------

Relocate American River Parkway Access Road

Replace Main Replace Main Raise H
Ave. Bridge Ave. Bridge Street

and Norwood bridge.
Ave. Bridge Replace

El Camino,
Howe Ave.,
Main Ave.,
and Norwood
Ave.
bridges.
Replace
American
River bike
trail.
Replace
fencing.

0
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(c) Modified Storage and Spillway. - Increasing the
flood control space in Folsom Reservoir and lowering the spillway
at the dam could provide a 100-year (FEMA) level of protection.
As shown on Plate 8, the storage space would be increased to
555,000 acre-feet and the spillway would be lowered by 15 feet.
This would allow maintenance of the objective release from Folsom
of 115,000 cfs during flood periods. Spillway modification would
include:

0 Removing five tainter gates measuring 42 feet wide by

50 feet high.

* Lowering the spillway crest by 15 feet.

0 Installing five tainter gates measuring 42 feet wide by
65 feet high.

• Lengthening the stilling basin by 50 feet.

(3) Levee Improvements/Folsom Reoperation. - Levee
improvements can be combined with increased flood control storage
at Folsom, modification of the spillway, or both. Alternatives
comprising the various combinations are described below.

(4) Levee Improvements/Modified Storage. - Alternatives
combining American River levee improvements (to accommodate higher
objective releases from Folsom Dam) and increased flood control
storage in Folsom Reservoir could provide protection to about the
125-year level. To provide a 100-year (FEMA) level of protection,
the objective release would be increased to 130,000 cfs and Folsom
storage to 530,000 acre-feet. Table B-20 shows the levee and
channel modifications that would be required.

(5) Levee Improvements/Modified Spillway. - A 100-year
(FEMA) level of protection could be provided by increasing the
objective release from Folsom Dam to 143,000 cfs and lowering the
spillway 15 feet. As shown on Plate 8, the maximum level of flood
protection from various combinations of such measures is about
100-year (Corps), assuming an objective release of 180,000 cfs.
Accordingly, an alternative for just the 100-year (FEMA) level of
protection was formulated.

(6) Levee Improvements/Modified Storage and Spillway. -
Alternatives combining levee improvements and modified storage and
spillway at Folsom were formulated for two levels of
protection--100-year (FEMA) and 150-year. Alternatives for both
levels assume lowering the spillway by 15 feet.

For the 100-year (FEMA) level of protection, combinations
range from an objective release of about 115,000 cfs and storage
of 555,000 acre-feet to a release just under 143,000 cfs and
storage of 400,000 acre-feet. For display purposes, a combination
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involving a release of 130,000 cfs and storage of 470,000
acre-feet was selected. Table B-20 shows the required levee and
channel modifications.

Protection to the 150-year level would require increasing the
Folsom objective release to 180,000 cfs and the flood control
storage space to 650,000 acre-feet. The levee and channel
modifications required to accommodate this release are shown in
Table B-21.

The 150-year alternative would provide the highest level of
flood protection possible without the development of additional
flood control storage upstream from Folsom Reservoir. However,
levee improvements to increase the channel capacity of the lower
American River to 180,000 cfs within the current corridor may not
even be feasible because of limitations of levee design. Because
of these constraints and others for increasing the storage space
in Folsom, no such alternatives were formulated to provide flood
protection greater than the 150-year level.

(7) Flood Control Dam. - Development of flood detention
facilities upstream from Folsom Reservoir could provide a full
range of protection levels to Sacramento--from the 100-year (FEMA)
to the 400-year (and greater). Plate 9 shows the flood storage
space required at Folsom and at the new detention site (near
Auburn) for various frequency floods, assuming an objective
release from Folsom Dam of 115,000 cfs. Assuming flood control
storage of 400,000 acre-feet in Folsom, detention requirements at
the Auburn site would be:

Protection Level Detention Capacity
(acre-feet)

100-year (FEMA) 180,000
150-year 430,000
200-year 545,000
400-year 894,000

(8) Flood Control Dam/Levee Improvements. - Numerous
alternatives are possible for combining development of an upstream
flood control dam and levee improvements along the lower American
River to permit increased releases from Folsom. Six possibilities
are shown in Table B-20. These range from a flood detention
capacity of 170,000 acre-feet and a Folsom release of 130,000 cfs
for the 100-year (FEMA) level of protection to a detention
capacity of 620,000 acre-feet and a release of 180,000 cfs for the
400-year level of protection.

0
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(9) Flood Control Dam/Folsom Reoperation. - An upstream
flood control dam can also be combined with different flood
control storages at Folsom, a lower spillway at Folsom, or both.
Representative alternatives are described below.

(a) Dam/Modified Storage. - Table B-20 shows six
alternatives combining an upstream flood control dam and various
flood storage requirements in Folsom. In four of the
alternatives, some of the current flood storage requirement in
Folsom would be shifted to the new detention site. In the other
two, the Folsom requirement would be increased.

Two reductions were considered for Folsom flood storage -
200,000 acre-feet for alternatives providing 100-year (FEMA) and
150-year protection and 100,000 acre-feet for alternatives
providing 200- and 400-year protection. Selection of these
reductions was based on the estimated hydraulic optimization of
the flood control operations of Folsom and a new detention
facility. Plate 9 shows the relationships between reduced flood
control storage in Folsom to 200,000 and 300,000 acre-feet and
total flood storage (Folsom plus detention facility) for a full
range of downstream flood protection levels. The hydraulic
efficiency of the combined operation is discussed in more detail
in the Reservoir Regulation Appendix.

(b) Dam/Modified Spillway. - No specific
alternatives were developed to combine construction of an upstream
flood control dam and lowering of the spillway at Folsom Dam. As
discussed, lowering the spillway (while maintaining the existing
objective release and flood control storage space) would only
incrementally increase downstream flood protection from a 63-year
level to about 70-year level. Alternatives combining these
measures would be very similar to alternatives incorporating just
the new upstream facility. Including the spillway modification
would slightly reduce the detention requirement for the new
upstream facility.

(c) Dam/Modified Storage and Spillway. -
Alternatives using this combination of measures would be similar
to the dam/modified storage alternatives. Incorporating the
spillway modification could reduce somewhat the combined flood
storage requirement for Folsom and the new facility because
lowering the spillway would allow larger releases from Folsom to
be made sooner during flood periods. But because the objective
release of 115,000 cfs would be maintained, the benefit would be
small.

(10) Flood Control Dam/Levee Improvements/Folsom
Reoperation. - An upstream flood control dam and levee
improvements along the lower American can be combined with
modified flood storage in Folsom, spillway modification, or both.
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(a) Dam/Levee Improvements/Modified Storage. - For
each level of flood protection, numerous combinations are possible
for incorporating an upstream flood control dam, levee
improvements for higher objective releases from Folsom, and
increased (or decreased) flood control storage in Folsom. Table
B-20 shows an alternative for each level of protection.

An objective release of 130,000 cfs was chosen for each
alternative because, from a technical perspective, it is the
likely maximum dependable level of increase. Folsom flood storage
would be increased to 470,000 acre-feet for the 100-year (FEMA)
and 150-year levels of protection and 550,000 acre-feet for the
200- and 400-year levels. These sizes were selected because prior
studies have shown that larger increases for these protection
levels likely would not be feasible economically (on an
incremental basis) or institutionally.

(b) Dam!Levee Improvements/Modified Spillway. - No
specific alternatives were formulated for this combination because
they would be similar to the dam/levee improvement alternatives -
but more expensive.

(c) Dam/Levee Improvements/Modified Storage and
Spillway. - Alternatives for this combination would be similar to
the dam/levee improvement/modified storage alternatives.

b. Natomas. - All the alternatives described above for the
main stem American River include additional features to provide
protection to Natomas. Measures providing similar levels of flood
control for the main stem and Natomas were combined into a single
alternative. This is primarily because of the physical and
socioeconomic interrelationships of each area to the other. As
described in the Main Report, and in the Economic Appendix,
Natomas can be evaluated as a last-added increment to a basin wide
flood control project.

The Natomas features are economically feasible as a last-
added increment. For numerous reasons including cost repayment
assessments, community understanding, relative environmental and
related impacts, it would be prudent planning to provide the same
levels of flood protection to different areas of the community.
The Natomas features highlighted below include measures to
mitigate adverse environmental and hydraulic impacts. A more
complete description of the environmental features is in the
EIS/EIR. A brief description of the hydraulic mitigation features
is in Chapter IV.

The features described below are for a 100-year (FEMA) level
of protection, assuming an objective release from Folsom Dam of
115,000 cfs. Facilities required for higher levels of protection
(assuming an objective release of 115,000 cfs) would be similar,
but slightly larger. However, for alternatives including larger
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increases in the objective release from Folsom Dam (regardless of
the level of flood protection), features would be substantially
more extensive, especially along the NEMDC and Dry and Arcade
Creeks. The 100-year (FEMA) facilities are:

* Raise 13,000 lineal feet of the west levee along the
NEMDC about 1 foot from El Camino Avenue to Main Avenue.

0 Raise 7,000 lineal feet of the east levee along the
NEMDC about 1 foot from Arcade Creek to Main Avenue.

0 Replace the Main Avenue bridge.

0 Construct a high-volume (700 cfs) pump station structure
with low-flow sluices on the NEMDC just upstream from
the mouth of Dry Creek. (This would also provide flood
protection to the western Rio Linda area by preventing
backup of floodwaters in the NEMDC.)

Construct about 4,600 lineal feet of levee a maximum of
about 8 feet high along the north side of Dry Creek from
the pump station at the NEMDC to high ground near West
2nd Street and Ascot Avenue. Provide floodgates at the
Union Pacific Railroad. (This would also help provide

* flood protection to the western Rio Linda area.)

Extend or raise the south levee along Dry Creek 2,400
lineal feet east to Rio Linda Boulevard.

Raise 2,400 lineal feet of levee on the north side of
Arcade Creek just downstream from Marysville Boulevard
about 3 feet.

Raise 1,200 lineal feet of levee on the south side of
Arcade Creek downstream from Marysville Boulevard about
1 foot.

Raise 6,000 lineal feet of the south levee along the
NCC about 1 foot at three locations.

Raise 500 lineal feet of the west levee along the
Pleasant Grove Creek Canal about 1 foot at two bridge
crossings and modify a containment levee across the
canal at Sankey Road.

Raise 3,000 lineal feet of East Levee Road about 4 feet
from Sankey Road south.

Construct a 3,000-cfs-capacity drainage channel
south from Sankey Road for about 10,600 feet.
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Construct a 3,000 acre-foot detention basin in north
Natomas covering about 300 acres.

18. Screening of Alternatives. - The 27 alternatives identified
initially were compared to select the best among them to provide
the four levels of protection. Key factors in the screening were
the environmental impacts and the costs and benefits associated
with each alternative.

a. Environmental Impacts. - The major features associated
with the various alternatives would result in some adverse
environmental impacts. The potential impacts are summarized below
according to major project feature. They are described in more
detail in the EIS/EIR.

(1) Levee Improvements. - This feature would involve (1)
constructing levee improvements and related channel modifications
along the lower American River and in the Yolo Bypass area and (2)
releasing higher floodflows in the lower river from increased
objective releases from Folsom. Likely impacts are:

Decreased wildlife habitat along the lower portion
of the American River Parkway as a result of
modifications to the levees and construction activities.

Decreased fishery habitat downstream from Folsom Dam
due to higher objective releases. High net outflows
from Folsom (on the order of 100,000 cfs and greater)
disturb spawning gravels and other fishery habitat with
increasing damage as flow rates increase. Sustained
outflows in excess of 115,000 cfs would occur more often
than under existing conditions.

Decreased wildlife habitat (primarily in the American
River Parkway) due to the higher objective releases. As
with fishery habitat, higher outflows from Folsom can
disturb existing wildlife habitat with damage increasing
as flow rates increase. Higher outflows would occur
more often than under existing conditions.

Decreased recreational value of the American River
Parkway primarily due to levee modifications.

The parkway supports more than 5 million visitor-use days
annually. In 1972, the lower river became part of the State wild
and scenic rivers system, and in 1981, it was given "recreational"
status in the Federal wild and scenic rivers system. Increased
flows in the river would require up to 1 mile of new levee and
11 miles of levee raising. In addition, riprap would be required
along (1) 1.5 river miles of bank, (2) 5.3 miles of levee, and
(3) 3.2 miles more of both bank and levee.
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Construction activities and increasing the channel capacity
of the lower river to 180,000 cfs would cause the loss of several
hundred acres of wetlands, riparian forest, scrub-shrub, and
upland habitats. Potential mitigation includes modifying adjacent
lands in the parkway and managing them as wetlands. Increasing
the channel capacity would also increase the rate of gravel loss
from the lower river, which would affect salmon spawning. To
mitigate this impact, a spawning gravel replacement program would
be implemented. Other forms of mitigation are also possible.

Increasing the capacity to 180,000 cfs would create the most
severe impacts. Lesser increases would have proportionally lower
impacts.

(2) Reoperation of Folsom Reservoir. - Increasing the
seasonal flood control storage space in Folsom Reservoir would
result in several major physical changes, including:

Greater annual fluctuation of the reservoir
water-surface elevation, with a net decrease from
existing conditions. The greatest change would be from
September through April, when the reservoir would be
drawndown for flood control. In average and
below-normal water years, the water-surface elevation
would be lower in all months.

Increased flows in the lower American River from October
through December necessary to evacuate the larger flood
control space in Folsom.

Reduced flows in the lower river from February through
June to conserve as much spring snowmelt runoff as
possible.

Slight long-term reduction in Sacramento River flows
from spring through fall. This reduction would result
from operational changes of the CVP to help offset the
reduced water supply potential at Folsom.

Each of these changes would result in numerous direct and
indirect impacts on environmental and related resources. Some of
the most significant impacts and possible ways to offset them are:

Greater fluctuations in the reservoir water-surface
elevation could adversely affect spawning of warmwater
reservoir species. To compensate, brush piles and
windrows could be provided at selected elevations of the
reservoir to provide additional cover for fish during
drawdown and refilling periods.

* Over time, reduced outflows from Folsom in the spring

would affect the processes that influence the mixture of
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habitat types in the American River Parkway. High-value
riparian vegetation would slowly shift to more
oak-grassland type habitat. Depending on the magnitude
of Folsom release, changes in regeneration rates of
riparian species would cause a loss of several hundred
acres of riparian forest and other vegetation types.
Riparian habitat types are very valuable because of
their scarcity, so any riparian losses are considered
significant. Mitigation could include vegetation
planting to replace the lost habitat and a monitoring
program to assess its success.

Reduced storage in Folsom plus lower spring flows and
higher fall flows would create increased-temperature
problems in the lower American River that could
adversely affect reproductive success and survival of
fall-run Chinook salmon. Over 20 percent of the
population could be lost. The fishery loss is 20
percent over and above any losses expected to occur in
the future under the no-action plan as a result of
meeting future water supply and pcwer demands.
Mitigation could involve replacing and enhancing
spawning gravels along the lower river, but additional
or supplemental measures might also be required. The
U.S. Fish and Wildlife Service identified a potential
need for an annual block of water of 60,000 acre-feet
dedicated for release in the late fall to help
compensate for the impact on the salmon. This measure
may not be possible, however, because of physical
limitations and constraints associated with reallocation
of Folsom water supplies.

Higher temperatures in the Sacramento River due to
reoperation of other CVP reservoirs (required by
reoperation of Folsom) would likely be slight but
measurable. The changes would likely adversely affect
anadromous fish habitat in the river. ... ..

Cultural resources located within the maximum drawdown
zone of reservoirs are subject to potentially damaging
natural processes and human activities. Increasing the
flood storage in Folsom would expose known and unknown
cultural resources to more sustained and frequent
impacts and uncover a larger area than under existing
operating criteria. There are 32 prehistoric and 13
historic sites are located within the 395-466 foot
elevation of Folsom Reservoir. Additional sites are
located below the 395 foot elevation. Mitigation for
impacts would include a program to inventory and
evaluate all potential cultural resources in the
drawdown zone and, where warranted, do systematic
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recording, scientific data recovery, or preservation of
the resources.

Reduced storage in Folsom would have a small effect on
downstream flows during the peak recreation season.
However, reduced water levels in Folsom would
significantly affect recreation use at the Folsom State
Recreational Area, where up to 411,000 recreation use
days would be lost annually. Increasing the flood
control storage space by 250,000 acre-feet would have
the greatest impact. Smaller increases would have
proportionally smaller impacts.

Lowering the spillway at Folsom likely would have no
significant adverse environmental impacts.

(3) Flood Control Dam. - The primary impacts related to
an upstream flood control dam would result from construction
activities and temporary inundation of the detention area during
flood periods. Some oak forest/woodland, coniferous forest,
chaparral, and ravine habitat types would be lost. Also,
disturbance due to construction and periodic inundation of
historic and prehistoric sites and artifacts in the detention area
might be increased.

0 Flood detention capacities ranging from 175,000 to about
900,000 acre-feet were examined. Habitat losses from about 500 to
over 2,000 acres would be expected. Oak woodlands, chaparral, and
coniferous forests are not scarce habitat types in California, so
these losses are not critical. Statewide, this vegetation type is
common to about 3 million acres.

b. Economic Considerations. - The various alternatives would
provide flood control and recreation benefits, and some
alternatives would have economic impacts associated with reduced
firm water supply and hydropower generation of the CVP. These
benefits and impacts are briefly described below, and costs and
comparisons presented.

(1) Flood Control Benefits. - Flood control benefits are
associated with (a) inundation reduction, (b) location,
(c) savings in flood-proofing costs, (d) bridge replacement, and
(e) savings in flood insurance program operating costs. Average
annual benefits range from about $60 million for the 100-year
(FEMA) level of protection to about $202 million for the 400-year
level.

(a) Inundation Reduction. - Inundation reduction
benefits represent the difference between the projected equivalent
average annual flood damages that would occur with and without a

* project. Average annual benefits range from about $52 million for
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the 100-year (FEMA) level of protection to $163 million for the
400-year level.

(b) Location Benefits. - Location benefits result
when flood control measures make flood plain lands available for a
new economic use; for example, for residential instead of
agricultural use. Since the land use analysis for Natomas
indicates that there will be a significant difference in
development under with- and without-project conditions, location
benefits were estimated for the area. These benefits reflect the
projected growth in Natomas under approved local plans until year
2010. Average annual location benefits range from about $8
million to about $30 million for the 100- (FEMA) and 400-year
levels of protection, respectively.

(c) Savings in Flood-Proofing Costs. - The Flood
Disaster Protection Act of 1973 (Public Law 93-234) requires that
communities with flood-prone areas participate in the National
Flood Insurance Program. Local agencies must adopt (and FEMA must
certify) land use regulations that require the first floor of all
new residential and nonresidential structures to be elevated to at
least the elevation of the 100-year flood. The savings in
flood-proofing costs are about $170,000.

(d) Bridge Replacement. - Bridge replacement
benefits represent that portion of the annual cost of a bridge
replaced as a project feature from the end of the existing
bridge's "economic life" to the end of the project life. Up to
five bridges would be replaced under various alternatives--Howe
Avenue, Main Avenue, Norwood Avenue, El Camino Avenue, Highway 49,
and Ponderosa Way. Bridge replacement benefits range from about
$130,000 to $1.8 million.

(e) Savings in Flood Insurance Program Costs. -
These savings reflect the reduction in costs associated with
administration of the National Flood Insurance Program. The
operating cost is currently $77 per policy, which would yield
annual benefits of about $6.4 million for alternatives providing
protection levels greater than 100-year (FEMA).

(2) Recreation Benefits. - Recreation benefits include a
complex of pedestrian, bike, and equestrian trails associated with
levee construction along the NEMDC in Natomas. The recreation
facilities could provide about 335,000 use days annually with a
benefit of about $1.5 million for the 200-year alternative.

(3) Benefit Comparison. - Table B-22 summarizes the
average annual benefits for the four levels of flood protection.

(4) Other Economic Impacts. - Lower water levels in
Folsom Reservoir from increasing the flood storage space would
reduce the firm water supply yield and hydropower generation of
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TABLE B-22

SUMMARY OF AVERAGE ANNUAL BENEFITS 1/
($1,000)

Level of Flood Protection
Benefit
Category 100-Year 150-Year 200-Year 400-Year

(FEMA)

Flood Control

Inundation Reduction 51,680 101,450 134,010 163,400
Location 8,000 20,000 24,000 30,000
Savings in Flood-

Proofing Costs 170 170 170 170
Bridge Replacement 130 260 1,770 1,770
Savings in Flood

Insurance Program
Costs 0 6,400 6,400 6,400

Subtotal 59,980 128,280 166,350 201,740

. Recreation 1,500 1,500 1,500 1,500

Total 61,480 129,780 167,850 203,240

1/ October 1991 price levels at 8-3/4% discount rate.
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the CVP. Also, costs to provide water from Folsom to several CVP
water customers near the reservoir would be increased.

The reduction in water supply yield and hydropower generation
represents a significant monetary loss. For example, based on
year 2020 demand levels, the estimated water supply yield to the
CVP would be decreased between 8,000 and 33,000 acre-feet,
depending on the increase in flood control space. Assuming the
value of this reduction is equal to the cost of developing a
replacement supply (about $300 per acre-foot), the annual loss
would be between $2.4 million and $10 million. Also, power
generation would be reduced between 8 and 40 gigawatthours per
year and project-dependable capacity between 3 and 6 megawatts.
Assuming a replacement value of 100 mills per kilowatthour, the
annual loss would be between $9 million and $46 million.

Six agencies--the City of Roseville, San Juan Suburban Water
District, Folsom Prison, City of Folsom, Placer County, and
El Dorado Irrigational District--obtain their water directly from
Folsom Reservoir. These agencies would not lose any of their
water supply, but El Dorado Irrigation District and San Juan
Suburban Water District might experience some pump inefficiencies
during critically dry years. Pumping would be required more
often, resulting in increased annual costs of up to $62,500.

(5) Costs and Comparisons. - Table B-20 shows estimated
first and annual costs, average annual benefits, and net benefits
for the 27 alternative plans. As shown, each plan has positive
net economic benefits (benefits exceed costs).

Two general conclusions can be made about the various plans
on the basis of economic considerations.

Plans providing higher levels of flood protection cost
more, but they also provide the greater net economic
benefits.

Plans providing the 100-year (FEMA) level of protection
incorporate a range of features, including new upstream
storage in some plans. However, plans incorporating
levee improvements and/or Folsom reoperation are the
more cost-effective ones for this relatively low level
of protection.

The least expensive way to provide the 100-year (FEMA) level
of protection would be to increase the flood control storage in
Folsom Reservoir to 590,000 acre-feet (alternative 2) at an annual
cost of $11.6 million. The next least expensive plan would
incorporate lowering the spillway at Folsom Dam (alternative 3),
with an annual cost of $14.3 million. Lowering the spillway would
reduce the flood control storage requirement to 555,000 acre-feet,
but the cost for the spillway work would be greater than the
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resource replacement cost associated with the reduced storage
requirement.

The next least costly alternative has an annual cost of
$17.3 million. Alternative 1 provides for just levee
improvements, to allow increasing the objective release from
Folsom to 145,000 cfs. Like alternative 1, alternative 5 provides
for levee improvements. It also includes lowering the spillway at
Folsom, which would cut the objective release required in
alternative 1 to 143,000 cfs, a reduction of just 2,000 cfs.
However, the cost associated with the spillway work would be
significantly greater than the slight reduction in levee costs
associated with the 2,000 cfs reduction in objective release.
Alternative 5 has an annual cost of $22.2 million.

c. Selection of Final Alternatives. - On the basis of
environmental and economic comparisons, 6 of the 27 alternatives
were carried forward for more detailed analysis. Three of the six
alternatives would provide 100-year (FEMA) protection. The other
three would provide 150-year, 200-year, or 400-year protection.

Alternatives for the 100-year (FEMA) level of protection
incorporate levee improvements, reoperation of Folsom, or both.
Construction of a flood control dam upstream from Folsom was ruled

* out because of the high costs.

Of the 100-year (FEMA) alternatives based on levee
improvements, Folsom reoperation, or both, no single alternative
stood out as being both environmentally and economically superior.
Each alternative would have some adverse environmental impacts,
but the resources affected and the magnitude of the impacts would
vary depending on the alternative. Also, cost alone was not a
sufficient criterion because it would not account for
environmental values related to avoidance of particular impacts.

The 100-year levee improvement alternative (1) was carried
forward because it avoids impacts associated with increasing the
flood control space in Folsom Reservoir. The modified storage
alternative (2) was kept because it is the least costly
alternative for the 100-year level of protection. (Selection of
this alternative assumed that the mitigation measures contemplated
would be adequate.) The levee improvement/modified storage and
spillway alternative (6) was carried forward because it would
minimize environmental impacts related to increases in Folsom
flood control storage and in the downstream channel capacity.

Alternative 7 would provide 150-year protection with levee
improvements along the lower American River and reoperation of
Folsom. This plan was carried forward because it would provide
the highest level of protection possible without development of an

* upstream flood control dam and thus would avoid environmental
impacts to the upper American River canyon.
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The 150-year alternatives incorporating an upstream dam have
costs generally comparable to alternative 7 costs and would have
various environmental impacts, depending on the specific features
of each plan. Considering both costs and impacts, avoidance of
impacts to the upper canyon was considered a major factor in the
screening.

For both the 200- and 400-year levels of protection,
alternatives incorporating only a flood control dam at the Auburn
site (alternatives 10 and 11) were carried forward. These
alternatives are the most cost-effective and least environmentally
damaging means of providing these levels of protection. These
alternatives avoid impacts associated with lower American River
flows or reoperation of Folsom Reservoir.

The other 200- and 400-year alternatives combine an upstream
detention dam with either levee improvements along the lower
American River, reoperation of Folsom Reservoir, or both. All the
combinations are less suitable than the dam-only alternatives
based on environmental or economic considerations or both.

Alternatives 14-17 combine the upstream dam with levee
improvements. These alternatives would affect environmental
resources at two sites instead of one, and they are more costly
than just an upstream dam.

Alternatives 20-23 combine the upstream dam with modified
flood control storage in Folsom Reservoir. Alternatives 20 and 22
would "transfer" 100,000 acre-feet of Folsom flood control storage
to the upstream site. The USBR estimated that this transfer would
increase Folsom Reservoir's firm water supply yield by about 1,250
acre-feet a year and hydropower generation of 9 gigawatthours a
year. The annual economic benefit would be about $1.3 million
(based on values of $300 per acre-foot and 100 mills per
kilowatthour). However, the cost of providing additional capacity
of 100,000 acre-feet at the upstream site was slightly higher than
the benefits associated with the reduction at Folsom. Also, no
cost-sharing sponsors were identified to participate in the
transfer.

Instead of transferring some Folsom flood control space to
the upstream site, alternatives 21 and 23 would increase the
space. These alternatives would result in increased environmental
impacts along the lower American River, but they would have no
significant reduction in impacts in the upper canyon. These
alternatives are also more costly than the dam-only plans.

Alternatives combining an upstream dam and lowering the
spillway at Folsom were dropped because the cost of the spillway
work would be greater than the cost saving of a slightly smaller
dam. Alternatives of an upstream dam plus modified storage and
spillway at Folsom are similar to the dam/modified storage plans.
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The hydraulic efficiency advantages from lowering the spillway are
not sufficient to offset the costs or impacts associated with
modifying Folsom's flood control space.

Alternatives combining an upstream dam with levee
improvements along the lower American River and Folsom reoperation
also are less suitable than the dam-only plans based on
environmental and economic considerations.

Alternatives 26 and 27 comprise an upstream dam, levee
improvements, and modified storage at Folsom. Because more
environmental resources would be affected by the combination of
changes required, impacts would be significant. Also, the
increased costs of doing both Folsom storage modifications and
levee improvements make these alternatives among the most costly.

Lowering the spillway at Folsom--either with or without
modifying the storage at Folsom--is not effective. The cost of
the spillway modification would be greater than any savings
associated with storage or levee modifications.

Table B-23 is a summary comparison of the original
27 alternatives. It briefly explains why the alternatives were
either retained for further evaluation or dropped from. consideration.

19. Alternatives Considered in Detail. - Six action alternatives
were carried forward in the plan formulation process. In addition
to these six, a no-action alternative is required for comparison.
The alternatives are:

* No Action
* 100-Year (FEMA) Levees
* 100-Year (FEMA) Storage
* 100-Year (FEMA) Levees/Storage and Spillway
* 150-Year
* 200-Year
* 400-Year

Each action alternative was formulated to provide a
consistent level of flood protection along the lower American
River and in Natomas. However, some residual flood problems will
remain as a result of existing drainage inadequacies within the
various flood plains. Estimated flood plains remaining with
implementation of a flood control project are shown on Plate 6 in
the Economic Appendix. Resolution of these problems is not a part
of this investigation.

Following are brief descriptions of the various plans.
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a. No Action. - Under this alternative, the Federal
Government would take no action toward implementing a specific
flood control plan. Any future developments (or major expansion
of existing developments) would have to be flood proofed to the
100-year (FEMA) level. It was assumed that urban growth along the
main stem American River would continue generally as described in
current local plans. For Natomas, the City and County of
Sacramento and Sutter County would also require developers to
flood proof future developments. However, because the flood
depths would be so great, this requirement would severely limit
future growth in that area.

Future population trends, land use, and other conditions
previously described would occur. Major flooding also would be
expected. The average annual equivalent flood damages are
expected to reach about $191 million in the study area.
Significant environment related impacts could be expected from
this major flooding. These include impacts associated with (1)
developing natural resources required for reconstruction, (2)
flooding of hazardous and toxic waste sites, (3) disposal of
debris generated by a flood and its related damages, (4) the
American River Parkway, and (5) socioeconomic factors such as
increased flooding risk and economic disruption. In addition,
other water resource needs and opportunities would go unmet.

b. Recreation Features. - Each action alternative includes a
recreation element. The Federal Water Project Recreation Act of
1965 provides for recreation to be considered as a full project
purpose at Federal water resources projects, provided a
non-Federal sponsor participates in the study and construction of
recreation facilities and assumes all operation and maintenance
responsibilities of the completed project. The development of
recreation facilities would be restricted to project lands, with
additional lands purchased if required for access, parking, or
provision of sanitary or other health and safety facilities.

Many State and local agencies with potential for
participating in recreation development as part of this
investigation expressed interest in the recreation features of the
study. However, only the Sacramento County Department of Parks
and Recreation and the City of Sacramento Department of Parks and
Community Services indicated a willingness to cost share in the
development and construction of recreation facilities. No
interest was expressed at this time for addressing recreation
development in the upper American River canyon.

The City, County, and Corps identified several potential
areas of recreation development, including (1) hiking, bike, and
equestrian trails along the NEMDC with connectors along Dry and
Arcade Creeks, (2) trail development along the Sacramento River
levees (Garden Highway and Pocket areas), and (3) development of
intensive public day-use areas in Natomas with river access sites
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and passive-use wildlife habitat enhancement areas near the mouth
of the NEMDC. The trail development is included in the project
alternatives. Because Natomas flood control measures do not
include work on the existing Sacramento River levees, the Garden
Highway and Pocket area trails were not considered in this study.
Similarly, day-use facilities have not been included because of
restrictions requiring that any such facilities must be developed
on project lands.

Recreation measures included in all the action alternatives
are:

Construct paved pedestrian/bike trails and parallel
equestrian trails along portions of the NEMDC and Dry
and Arcade Creeks, with necessary access facilities.

For safety, reroute 1.1 miles of existing bike trail to
avoid a surface crossing of Del Paso Blvd.

These recreation developments are expected to provide about
335,000 user days annually.

c. 100-Year (FEMA) Levees. - This alternative would allow
much of the area along the main stem American River and in Natomas
to be removed from the 100-year (FEMA) flood plain designation.
The primary flood control features are levee and channel work
along the lower American River and in Natomas. Plate 8 is a
general layout of the alternative. The plan includes the measures
outlined below.

(1) Main Stem American River. - Levee and channel
modifications necessary to increase the objective release from
Folsom Dam from 115,000 to 145,000 cfs include:

Slurry Wall: 0.9 miles
Toe Drain: 2.7 miles

* New Levee: 1 mile
• Levee Raising: 2.7 miles
• Riprap on Bank: 1.5 miles
0 Riprap on Levees: 5.3 miles
0 Riprap on Levees and Bank: 3.2 miles

(2) Downstream from American River. - The increased
objective release and certain levee and selected construction in
Natomas would require the following in the Yolo Bypass area:

Sacramento Bypass: Widen the bypass about 1,400 feet by
realigning the north 1.8-mile-long levee to a height of
26 feet.
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Sacramento Weir: Lengthen the weir about 1,400 feet and
the nearby highway and railroad bridges.

(3) Natomas. - Table B-24 shows the flood control work
required in Natomas. Recreation features have previously been
outlined in an earlier section.

(4) Impacts and Mitigation. - Likely major adverse
impacts and potential mitigation features are shown in
Table B-25.

d. 100-Year (FEMA) Storage. - This alternative would
increase the seasonal flood control storage space in Folsom
Reservoir to 590,000 acre-feet and require levee and related
modifications downstream from the American River and in Natomas.
Plate 9 is a general layout of the plan.

(1) Downstream from American River. - There are no
modifications required downstream from the American River in this
plan.

(2) Natomas. - Table B-26 shows Natomas flood control
features. Recreation has been previously described.

(3) Impacts and Mitigation. - Potential impacts and
mitigation features are shown in Table B-27.

e. 100-year (FEMA) Levees/Storage and Spillway. - Primary
features include (1) increasing the seasonal flood control space
in Folsom Reservoir, (2) constructing levee and related
modifications downstream from Folsom Dam to allow increased
objective releases, and (3) constructing levee and related
improvements in Natomas. Plate 12 is a general layout of the
plan.

(1) Main Stem American River. - The primary feature is
increasing Folsom Reservoir storage space from 400,000 to 470,000
acre-feet. The spillway at Folsom Dam would be lowered by
15 feet, requiring installation of five new tainter gates 42 feet
wide by 65 feet high and lengthening the stilling basin 50 feet.
The objective release from Folsom Dam would be increased from
115,000 to 130,000 cfs, and levee and related features would be
constructed along the lower American River to accommodate the
higher flow. Major channel construction features include:

* Slurry Wall: 0.7 mile
• Toe Drain: 0.6 mile
• New Levee: 0.9 mile
* Riprap on Bank: 1.5 miles
* Riprap on Levees: 5.3 miles
* Riprap on Levees and Bank: 3.2 miles
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TABLE B-24

NATOMAS FEATURES FOR 100-YEAR (FEMA) LEVEE ALTERNATIVE

IFEATURE LOCATION LEGT HEIGHT [1 RELOCATION/OTHERJ

NEMDC:

East Levee eAmerican R.to Arcade 1 mi. 1.9 ft. El Camino Ave. Bridge
Creek Norwood Ave. Bridge

*Arcade to Dry Cr.. 2.6 mi. 2.7 ft. Union Pacific RR

West Levee *EL Camino Rd. to 3.1 mi. 3.5 ft. Main Ave. Bridge
Main Ave.

eMain Ave. to NEMDC 0.7 mi. 1 ft. Levee Road
Pump Station

eRiego Rd. to Sankey 0.6 mi. 1.1 ft. Levee Rd./Ramp Sankey Rd.
Rd.

Channet *Riego Rd. to Sankey 10,600 ft. 80 ft. wide
Rd.

NEMDC Gated/Pumpo *NEMDC upstream from 700 cfs pump station
Structure Dry Cr.

ARCADE CREEK:

North Levee oRaise various 1.8 mi. 4.1 ft. Norwood Ave. Bridge/1,000
Locations ft. of fence

South Levee *Raise various 0.6 mi. 2.4 ft. 1,300 ft. of fence/600 ft.
Locations lof powerline

DRY CREEK:

North Levee *Raise various RR FLoodgates at Sankey Rd.
Locations Ramp Ascott Ave./200 ft. of

0.9 mi. 9.2 ft. fence
*New Levee

South Levee *Raise various 0.5 mi. 1.4 ft. -
Locat ions

*Extend levee 0.4 mi. 4.8 ft. -

PLEASANT *Raise various 0.1 mi. 1.7 ft. Levee Rd./Ramp Howstey
GROVE CREEK Locations Rd./1,000 ft. power and

CANAL LEVEES: teLephone Line

NATOMAS *Raise various 3.3 mi. 1.2 ft.
CROSS CANAL Locations
LEVEES:

NORTH oNortheast Corner of 300 acres
NATOMAS Natomas adjacent to with 3,000
DETENTION Pteasant Grove Creek acre-footDTNIN Canat capacity
BASIN
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TABLE B-25

100-YEAR (FEMA) LEVEE ALTERNATIVE - IMPACTS AND MITIGATION
SUMMARY 1/

Item Impact Mitigation

AMerican-River ...........

Decreased wildlife 462 acres Riparian planting on
habitat along lower 979 acres and
American River Parkway 2/ monitoring program

Loss of cultural resources due to 3/ Data recovery and
levee construction activities preservation

Anadromous fisheries and spawning Loss of Limited construction to
habitat impacts due to bank spawning non-spawning times of year
stabilization work habitat of anadromous fish where

affected 4/

Natomas...............

Loss of wildlife habitat 290 acres Acquisition and management
primarily along NEMDC of 280 acres on a
(levee reconstruction) mitigation site in Natomas

Loss of wildlife habitat 25 acres Tree planting along
* along recreation trail recreation trail

Loss of cultural resources in 3/ Data recovery and
levee construction area preservation

Growth inducing impacts in 7913 Non-Federal sponsor
flood plain acres 5/ implements a long-

term mitigation
program

Adverse anadromous fish impacts Limit construction
in NEMDC from construction to non-spawning times of
and operation activities year of anadromous fish

where affected, install
fish screens on the pump

1/ Reference EIS/EIR for more detail.
2/ Includes loss of valley elderberry shrubs.
3/ Number of sites will be determined during advanced engineering and design

studies.
4/ No mitigation measures identified for loss of spawning. See mitigation

discussion in EIS for reoperation impact mitigation measures. Significant
additional analysis required to determine viability of mitigation to
effectively offset impact.

5/ Impacts influence a wide variety of resources, primarily in
Natomas. See EIS for more information.
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TABLE B-26

NATOMAS FEATURES FOR 100-YEAR (FEMA) STORAGE ALTERNATIVE

FEATURE LOCATION LENGTH HEIGHT RELOCATION/OTHER

NEMDC:

East Levee *American R. to Arcade
Creek

* Arcade to Dry Cr. 1.3 mi. 1.0 ft. -

West Levee *EL Camino Rd. to Main 2.5 mi. 2.0 ft. Main Ave. Bridge
St.

*Main St. to NEMDC
Pump Station

'Riego Rd. to Sankey 0.6 mi. 1.1 ft. Levee Rd./Ramp
Rd. Sankey Rd.

Channel *Riego Rd. to Sankey 10,600 ft. 50 ft. wide
Rd.

NEMDC Gated/Pump *NEMDC upstream from - 700 cfs pump station
Structure Dry Cr.

ARCADE CREEK:

North Levee 'Raise various 0.4 mi. 3.1 ft. 1,000 ft. of fence
Locations

South Levee *Raise various 0.2 mi. 1.3 ft. 1,300 ft. of fence/
locations 600 ft. powerline

DRY CREEK:

North Levee 'Raise various RR Floodgates
tocations

*New Levee 0.9 mi. 8.1 ft. Ramp Ascott/
200 ft. of fence

South Levee *Raise various 0.1 mi. 0.5 ft.
Locations

'Extend levee 0.3 mi. 3.1 ft. _

PLEASANT 'Raise various 0.1 mi. 1.6 ft. Levee Rd./Ramp

GROVE CREEK Locations Howstey/1,000 ft.

CANAL LEVEES: powerline &
telephone

NATOMAS *Raise various 3.3 mi. 1.1 ft.

CROSS CANAL Locations

LEVEES:

NORTH *Northeast corner of 300 acres with 3,000 acre- -

NATO#AS Natomas adjacent to foot capacity
DETENTION Pleasant Grove Creek
BASIN canaL
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0
TABLE B-27

100-YEAR (FEMA) STORAGE ALTERNATIVE
IMPACTS AND MITIGATION SUMMARY 1/

Item Impact Mitigation

American River

Reduced water supply yield of CVP 20,000 ac-ftyr ($6 mil/year) Reimburse for water supply loss

Reduced hydropower generation to CVP 24 GWh/year ($7.4 million/ Reimburse for power supply loss
year)

Reduced dependable capacity 3 to 5 megawatts Reimburse for power supply loss

Increased pumping to SJSWD and EID $42,300 per year Reimburse for water supply loss

Increased exposure of historic and pre-historic sites at 47 + sites Data recovery and preservation
Folsom Reservoir

Reduced recreation use at Folsom and along lower 292,000 use days
American River

Decreased riparian and related vegetation along lower 143 acres 303 acres riparian planting and maintenance program
American River (lower spring flows)

Impacts to fish resources due to the reoperation of 19% loss See EIS Mitigation Discussion
Folsom Reservoir

... ..... Natomla g

Loss of wildlife habitat due to levee construction, 290 acres Habitat replacement on 280 acres at mitigation site in
bridge replacement, and other construction activities Natosnas

Loss of wildlife habitat along recreation trail 25 acres Tree planting along recreation trail

Loss of cultural resources in levee construction area 2/ Data recovery and preservation

Growth inducing impacts in flood plain 7,913 acres 3/ Non-Federal sponsor implements a long-term
mitigation program

Adverse anadromous fish impacts in NEMDC from - Limit construction to non-spawning times of year of
construction and operation activities anadromous fish where affected, install fish screens

on the pump

1/ Reference EIS/EfR for more detail.
2/ Number of sites will be determined during future planning studies.
3/ Impacts influence a wide variety of resources, primarily in Natomas. See EIS for more information.

V-115



(2) Downstream from American River. - Requirements
downstream from the American River are:

Sacramento Bypass: Widen bypass about 500 feet by
reconstructing 1.8 miles of the north levee to a height
of 26.0 feet.

Sacramento Weir: Lengthen the weir about 500 feet
and nearby highway and railroad bridges.

(3) Natomas. - Table B-28 shows Natomas flood control
features. Recreation has been previously discussed.

(4) Impacts and Mitigation. - Likely major adverse
impacts and potential mitigation features are shown in
Table B-29.

f. 150-Year Protection. - This alternative includes levee
improvements along the lower American River and in Natomas, an
increase in the flood control storage space in Folsom Reservoir,
and lowering the spillway at Folsom Dam. Plate 13 is a general
layout of the plan.

(1) Main Stem American River. - Primary features along
the lower American River consist of (1) increasing the flood
control storage space in Folsom Reservoir from 400,000 to 650,000
acre-feet, (2) increasing the objective release to the lower
American River from 115,000 to 180,000 cfs, (3) lowering the
spillway at Folsom Dam by 15 feet, and (4) modifying levees and
channels downstream from Folsom Dam to safely pass the increased
flows.

Figure 3 shows typical examples of levee and bank protection
methods. Requirements along the lower American River include:

* Slurry Wall: 4.1 miles
• Toe Drain: 7.8 miles
• New Levee: 1 mile
* Levee Raising: 11.4 miles
* Riprap on Bank: 1.5 miles
• Riprap on Levees: 5.3 miles
• Riprap on Levees and Bank: 3.2 miles

(2) Downstream from American River. - The following
measures are required downstream from the American River:

Sacramento Bypass: Widen the bypass about 3,600
feet by reconstructing 1.8 miles of the north levee to a
height of 26 feet.

Sacramento Weir: Lengthen the weir about 3,600 feet
and nearby highway and railroad bridges.
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TABLE B-28

NATOMAS FEATURES FOR 100-YEAR (FEMA) LEVEE/STORAGE AND SPILLWAY ALTERNATIVE

[FEATURE LOCATION JI LENGTH HEIGHT 11RELOCATION/OTHER

NEMDC:

East Levee eAmerican R. to Arcade
Creek

eArcade to Dry Cr. 2.5 mi. 1.9 mi.

West Levee eEL Camino Rd. to Main 3.0 mi. 2.7 ft. Main Ave. Bridge
St.

*Main St. to NEMDC
pump station

*Riego Rd. to Sankey 0.6 mi. 1.1 ft. Levee Rd./Ramp
Rd. Sankey Rd.

Channel *Riego Rd. to Sankey 10,600 ft. 50 ft. wide -

Rd.

NEMDC Gated/Pump *NEMDC upstream from 700 cfs pump station
Structure Dry Cr.

ARCADE CREEK:

North Levee *Raise various 1.7 mi. 3.9 ft. 1,000 ft. of fence
Locations

South Levee *Raise various 0.5 mi. 2.1 ft. 1,300 ft. of fence/
Locations 600 ft. of powertine

DRY CREEK:

North Levee *Raise various - Ramp Ascott Ave.!
Locations 200 ft. of fence

*New levee 0.9 mi. 8.5 ft. RR Floodgates

South Levee *Raise various 0.3 mi. 0.9 ft. -

Locations
* Extend Levee 0.4 mi. 3.5 ft.

PLEASANT *Raise various 0.1 mi. 1.6 ft. Levee Rd./Ramp

GROVE CREEK locations HowsLey Rd./1,000

CANAL LEVEES: ft. power and
_teLephone Line

NATOMAS *Raise various 3.3 mi. 1.1 ft. -

CROSS CANAL Locations

North Natomas *Northeast corner of 300 acres with 3,000 acre- -

Detention Basin Natomas adjacent to foot capacity
PLeasant Grove Creek
CanaL
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TABLE B-29

100-YEAR (FEMA) LEVEE/STORAGE AND SPILLWAY ALTERNATIVE
IMPACTS AND MITIGATION SUMMARY 1/

Item Impact Mitigation

.American River ...............

Reduced water supply yield of CVP 8,000 ac-ft/yr ($2.4 Reimburse for water supply loss
millyr)

Rednced hydropower generation to CVP 8 OWl/yr ($0.8 mil/yr) Reimburse for power supply loss

Reduced dependable capacity 3 to 5 megawatts Reimburse for power supply loss

Increased pumping to SJ.SWD and EID $42,300 per year Reimburse for water supply loss

Increased exposure of historic and pre-historic sites at Folsom 47 + sites 2/ Data recovery and preservation
Reservoir and due to levee construction activities

Reduced recreation use at Folsom and along lower American River 2/

Decreased wildlife habitat along lower American River Parkway Less than 454 acres Riparian planting on approximately 1,200 acres
(levee construction) 3/ and monitoring program on lands to be

identified should this alternative be selected

Anadromous fisheries and spawning habitat impacts due to bank Loss of spawning habitat Limit construction to non-spawning time of
stabilization work year of anadromous fish where affected 3/

Fishery losses due to change in temperature and seasonal flows 17% reduction in fish 4/
resulting from Folsom reoperation resources

Natomas

Loss of wildlife habitat primarily along NEMDC (levee 290 acres Habitat replacement on 280 acres at a
construction) mitigation site in Natomas

Loss of wildlife habitat along recreation trail 25 acres Tree planting along recreation trail

Loss of cultural resources in levee construction area 2/ Data recovery and preservation

Growth inducing impacts in flood plain 7,913 acres 3/ Non-Federal sponsor implements a long-term
mitigation program

Adverse anadromous fish impacts in NEMDC from construction - Limit construction to non-spawning times of
and operation year anadromous fish where affected, install

fish screens on the pump

_1/ Reference EIS/EIR for more detail.
2/ Number of sites to be determined in future studies.
3/ Includes loss of valley elderberry shrubs.
4/ No mitigation measures identified for loss of spawning. See mitigation discussion in EIS for reoperation impact mitigation measures. Significant additional

analysis required to determine viability of mitigation to effectively offset impacts.
5/ Impacts influence a wide variety of resources, primarily in Natomas. See EIS for more information.
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(3) Natomas. - Natomas flood control features are shown

in Table B-30. Recreation has been discussed previously.

(4) Impacts and Mitigation. - Potential mitigation
features are shown in Table B-31.

g. 200-Year Protection. - Major elements of this alternative
include a flood control dam upstream from Folsom Reservoir, weir
and levee improvements downstream from the American River, and
levee and channel modifications in Natomas. Plate 14 is a general
layout of the alternative.

(1) Main Stem American River. -

* Construct a roller-compacted concrete dam 425 feet high
on the North Fork American River at RM 20.1.

• Create a detention reservoir to accommodate a peak

storage of 545,000 acre-feet.

* Relocate Highway 49 and Ponderosa Way.

(2) Downstream from American River. - No modifications
are needed downstream of the American River.

(3) Natomas. - Flood control features for Natomas are
shown in Table B-32. Recreation features have been previously
described.

(4) Impacts and Mitigation. - Potential impacts and
mitigation features are shown in Table B-33.

h. 400-Year Protection. - The alternative providing 400-year
protection has the same elements as the 200-year plan, but some of
the facilities would be larger. Plate 13 is a general layout of
the 400-year alternative.

(1) Main Stem American River. -

Construct a roller-compacted concrete dam 498 feet high
on the North Fork American River at RM 20.1.

Create a detention reservoir to accommodate a peak
storage of 894,000 acre-feet.

* Relocate Highway 49 and Ponderosa Way.

(2) Downstream from American River. - No modifications
are required downstream from the American River.

B
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TABLE B-30

NATOMAS FEATURES FOR 150-YEAR ALTERNATIVE

[FEATURE LOTCATION LENGTH HEGT RELO CATION/OTHER
,,,.E I1L ,o . 1E _O II

NEMDC:

East Levee *American R. to 1.1 mi. 1.9 ft. EL Camino Ave. Bridge
Arcade Creek

eArcade to Dry Cr. 2.6 mi. 3.4 ft. Union Pacific RR.

West Levee *EL Camino Rd. to 3.2 mi. 4.2 ft. Main Ave. Bridge
Main St.
*Main St. to NEMDC 0.7 mi. 1.0 ft. Levee Rd.

Pump station
eRiego Rd. to Sankey 0.6 mi. 1.1 ft. Levee Rd./Ramp Sankey Rd.

Rd.

Channel *Riego Rd. to Sankey 10,600 ft. 80 ft. wide -
Rd.

NEMDC Gated/Pump .NEMDC upstream from 700 cfs pump station
Structure Dry Cr.

ARCADE CREEK:

North Levee *Raise various 1.9 mi. 4.3 ft. 1,000 ft. of fence/Norwood
Locations Avenue Bridge

South Levee *Raise various 0.7 mi. 2.6 ft. 1,300 ft. of fence/600 ft.
DRY CREEK: Locations powerLine

North Levee eRaise various Ramp Ascott/200
Locations ft. of fence

* New Levee 0.9 mi. 9.9 ft. RR Floodgates

South Levee *Raise various 0.6 mi. 1.9 ft. -
Locations

*Extend Levee 0.4 mi. 6.0 ft. -

PLEASANT *Raise various 0.1 mi. 1.7 ft. Levee Rd./ Ramp
GROVE CREEK Locations HowsLey/1,000 ft. powertine
CANAL LEVEES: & telephone

NATOMAS *Raise various 3.3 mi. 1.3 ft. -
CROSS CANAL Locations
LEVEES:

North Natomas *Northeast corner of 300 acres with 3,000 acre- -
Detention Basin Natomas adjacent to foot capacity

Pleasant Grove Creek
Canal
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TABLE B-31

150-YEAR ALTERNATIVE - IMPACTS AND MITIGATION SUMMARY i/

Item Impact Mitigation

American River

Reduced water supply yield of CVP 33,000 ac-ft/yr ($9.9 Reimburse for water supply loss
mil/yr)

Reduced hydropower to CVP 41 GWh/yr ($3.5 mil/yr) Reimburse for power supply loss

Reduced dependable capacity 6 megawatts Reimburse for power supply

Increased pumping supply to SJSWD and EID $62,500 per year Reimburse for water supply loss

Increased exposure of historic and pre-historic sites at Folsom 60 + sites 2/ Data recovery and preservation
Reservoir and due to levee construction activities

Reduced recreation use at Folsom and along lower American River 411,000 use days

Decreased riparian and related vegetation along lower American 679 acres Riparian planting on 450 acres and maintenance
River (lower spring flows) 3/ program

Anadromous fisheries and spawning habitat impacts due to bank Loss of spawning habitat Limit construction to non-spawning times of
stabilization work year of anadromous fish where affected 4/

Fishery losses due to changes in temperature and seasonal flows 21 % reduction in fish 4/
resulting from Folsom reoperstion resources

Natonlas

Loss of wildlife habitat primarily along NEMDC (levee 290 acres Acquisition and management of 280 acres in
construction) Natomas

Loss of wildlife habitat along recreation trail 25 acres Tree planting along recreation trail

Loss of cultural resources in levee construction area 2/ Data recovery and preservation

Growth-inducing impacts in flood plain 7,913 acres 5/ Non-Federal sponsor implements a long- term
mitigation program

Adverse fish impacts in NEMDC from the construction and Limit construction to non-spawning times of
operation activities year of anadromous fish where affected, install

fish screens on the pump

I Reference EIS/EIR for more detail.
2/ Number of sites affected will be determined during future studies.
3/ Includes loss of valley elderberry shrubs.
4/ No mitigation measures identified for loss of spawning. See mitigation discussion in EIS for reoperation impact mitigation measures. Significant additional

analysis required to determine viability of mitigation to effectively offset impact.
5/ Impacts influence a wide variety of resources, primarily in Natomas. See EIS for more information.

0
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TABLE B-32

NATOMAS FEATURES FOR 200-YEAR ALTERNATIVE

FEATURE LOCATION LENGTH MAXIMUM RELOCATION/OTHER
HEIGHT

NEMDC:

East Levee eAmerican R. to
Arcade Creek

*Arcade to Dry 1.4 mi. 1.0 ft.
Cr.

West Levee *El Camino Ave. 2.6 mi. 2.0 ft. Main Ave. Bridge
to Main Ave.
*Main Ave. to

NEMDC Pump
Station 0.6 mi. 1.1 ft. Levee Rd./Ramp

*Riego Rd. to Sankey Rd.
Sankey Rd.

Channel *Riego Rd. to 10,600 ft. 100 ft. wide
Sankey Rd.

NEMDC Gated/Pump *NEMDC upstream 700 cfs pump station

Structure from Dry Cr.

ARCADE CREEK:

North Levee *Raise various 0.5 mi. 3.1 ft. 1,000 ft. of fence
locations

South Levee *Raise various 0.2 mi. 1.3 ft. 1,300 ft. of fence/
Locations 600 ft. of powerline

DRY CREEK:

New North Levee 'Raise various 0.9 mi. 8.3 ft. Ramp Ascott Ave./
locations 200 ft. of fence

RR Floodgates

South Levee *Raise various 0.2 mi. 0.7 ft.
Locations

'Extend Levee 0.5 mi. 4.8 ft.

PLEASANT GROVE 'Raise various 0.1 mi. 1.8 ft. Levee Rd./Ramp
CREEK CANAL Locations Howsley Rd./1,000
LEVEES: ft. power and

telephone line

NATOMAS CROSS *Raise various 3.3 mi. 1.6 ft.
CANAL LEVEES: Locations

North Natomas *Northeast corner 300 acres with 3,000 acre-foot
Detention Basin of Natomas capacity

adjacent to
Pleasant Grove
Creek Canal
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TABLE B-33

200-YEAR PLAN - IMPACTS AND MITIGATION SUMMARY 1/

Item Impact Mitigation

American River

Direct impacts from Losses of oak Acquire and manage about
Highway 49 and Ponderosa forest/woodland, 5,385 acres (2,685 acres
bridge replacements, dam coniferous for general vegetation
construction, aggregate forest and wildlife; 2,700 acres
transportation and chaparral, and for endangered species) of
processing, and periodic riverine habitat private lands along South
inundation impacts 2/ (1,927 acres) Fork American River.

Implement adaptive
management plan for the
detention dam area 3/

Increased exposure of 4/ Data recovery and
historic pre-historic preservation
and paleontological
sites in the detention
area including Cool
Quarry

Ntomas

Loss of wildlife habitat 290 acres Habitat replacement on 280
due to levee acres in Natomas area
construction, bridge
replacement and other
construction activities

Loss of wildlife habitat 25 acres Tree planting along
along recreation trail recreation trail.

Loss of cultural 4/ Data recovery and
resources due to levee preservation
construction

Growth-inducing impacts 7,913 acres 5/ Non-Federal sponsor
in flood plain implements a long-term

mitigation program

Adverse anadromous fish - Limit constructicn to non-
impacts in NEMDC from spawning times of year of
construction and anadromous fish where
operation activities affected, install fish

screens on the pump
1/ Reference EIS/EIR for more detail.
2/ Includes impacts to valley elderberry shrubs.
3/ Mitigation for impacts to the valley elderberry beetle will include planting

valley elderberry shrubs on additional lands to be acquired along the South
Fork American River.

4/ Number of sites affected will be determined during future studies.
5/ Impacts influence a wide variety of resources, primarily in Natomas. See EIS

for more information.
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(3) Natomas. - Flood control features for Natomas are
shown in Table B-34. Recreation features have been previously
described.

(4) Impacts and Mitigation. - Potential impacts and
mitigation features are shown in Table B-35.

20. Summary Display. - Table B-36, compares preliminary estimates
of costs and benefits of the seven alternatives. It also includes
a summary description of likely advantages and disadvantages of
each plan. Of special importance is the potential for non-Federal
participation in construction costs. The plans providing 200 year
or greater flood protection are superior to plans providing lower
levels of protection because the lower levels of protection leave
much of the community at significant flood risk, are less
economically feasible, and do not have a potential non-Federal
sponsor.
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TABLE B-34

NATOMAS FEATURES FOR 400-YEAR ALTERNATIVE

FEATURE LOCATION LENGTH MAXIMUM RELOCATION/OTHER
HEIGHT

NEMDC:

East Levee *American R. to -

Arcade Creek
*Arcade to Dry

Cr. 1.4 mi. 1.8 ft.

West Levee *EL Camino Rd. to 2.6 mi. 2.8 ft. Main Ave. Bridge
Main Ave.

*Main Ave. to -

NEMDC Pump
Station 0.6 mi. 1.1 ft. Levee Rd./Ramp Sankey

*Riego Rd. to Rd.
Sankey Rd.

ChanneL *Riego Rd. to 10,600 ft. 150 ft. wide
Sankey Rd.

NEMDC Gated/Pump *NEMDC upstream - 700 cfs pump station

Structure from Dry Cr.

ARCADE CREEK:

North Levee *Various 0.5 mi. 3.3 ft. 1,000 ft. of fence
Locations

South Levee *Various 0.2 mi. 1.5 ft. 1,300 ft. of 0
locations fence/600 ft.

powertine

DRY CREEK:

New North Levee *Various 0.9 mi. 8.5 ft. Ramp Ascott /200 ft.
Locations of fence

railroad fLoodgates

South Levee *Raise various 0.2 mi. 0.9 ft.
Locations

*Extend Levee 0.5 mi. 5.0 ft.

PLEASANT GROVE eVarious 0.1 mi. 2.0 ft. Levee Rd./ Ramp
CREEK CANAL Locations HowsLey/1,000 ft.

LEVEES: powertine & teLephone

NATOMAS CROSS *Various 3.3 mi. 1.8 ft.
CANAL LEVEES: Locations

North Natoms *Northeast corner 300 acres with 3,000 acre-
Detention Basin of Natomas foot capacity

adjacent to
PLeasant Grove
Creek Canal
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TABLE B-35

400-YEAR ALTERNATIVE - IMPACTS AND MITIGATION SUMMARY 1/

Item Impact Mitigation

.ii i i i i .. iAmerican River

Direct impacts from Highway 49 Loss of oak Acquire and
and Ponderosa bridge forest/woodland, manage about
replacements, dam construction, coniferous forest 4,030 acres
aggregate transportation and chapparral, and (1,330 acres for
processing, and periodic riverine habitat general
inundation impacts 2/ (954 acres) vegetation and

wildlife; 2,700
acres for
endangered
species) of
private lands
along South Fork
American River.
Implement
adaptive
management plan
for the detention
dam area 3/

Increased exposure of historic, 4/ Data recovery and
pre-historic and paleontological preservation
sites in the detention area

Natama s

Loss of wildlife habitat 290 acres Acquisition and
due to levee construction management of 280
bridge replacements and other acres in Natomas
construction activities area

Loss of wildlife habitat along 25 acres Tree planting
recreation trail along recreation

trail

Loss of cultural resources in 4/ Data recovery and
levee construction area preservation

Growth-inducing impacts in flood 7,931 acres 5/ Non-Federal
plain sponsor implements

a long-term
mitigation
program

Adverse anadromous fish impacts Limit construction
in NEMDC from construction and to non-spawning
operation activities times of year of

anadromous fish
where affected,
install fish
seasons

1/ Reference EIS/EIR for more detail.
2/ Includes impacts to valley elderberry shrubs.
3/ Mitigation for impacts to the valley elderberry beetle will include planting

valley elderberry shrubs on lands.
4/ Number of sites affected will be determined during feasibility studies.
5/ Impacts influence a wide variety of resources, primarily in Natomas. See EIS

* for more information.
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CHAPTER VI - PLAN SELECTION PROCESS

21. Plan Selection Criteria. - As previously identified, four
general criteria were used in formulating and evaluating
alternatives. These four criteria, established under Federal
Principles and Guidelines, are completeness, effectiveness,
efficiency, and acceptability. Within the framework established
by these four general criteria, it was found that important
factors leading to the recommendation of a selected plan could be
summarized into four categories. These four categories are (1)
economic efficiency, (2) environmental impacts, (3) public health
and safety, and (4) acceptability. Factors presented in each of
these four categories all fall within one or more of the general
criteria of completeness, effectiveness, efficiency, and
acceptability. Below, pertinent information leading to the
recommendation of a selected plan is described in these four
categories to demonstrate that the plan chosen for recommended
implementation not only meets the Federal selection criteria but
also non-Federal goals and objectives.

a. Efficiency. - Efficiency is the degree to which an
alternative satisfies NED criteria, as measured by the net
economic benefits produced by the various alternatives. Net
economic benefits represent the difference between average annual

* benefits achieved by a given alternative (principally in the form
of inundation damage reduction) and the average annual costs of
that alternative. Net economic benefits for each alternative are
shown in Table B-36. The alternative with the highest net
benefits is (by definition) the NED plan. The net benefits are
higher for the alternatives providing high levels of protection
because of (1) the relatively low level of protection provided by
the existing flood control system along the American River, (2)
the relatively high level of development in the American River
flood plain (value of existing structures is about $22 billion in
the 100-year flood plain and $37 billion in the 400-year flood
plain), and (3) the topography of the American River basin, which
accentuates potential flood damages along the lower American and
provides excellent opportunities for additional flood storage
capacity upstream.

The alternative plan with the greatest net economic benefits
(NED plan) is required to be the plan recommended for Federal
action unless an exception is granted by the Assistant Secretary
of the Army for Civil Works (ASA (CW)). The 400-year (NED) plan
has the highest net economic benefits. Plans either larger or
smaller than the NED plan can be selected if there are overriding
and compelling reasons for doing so. Recommendation of a project
smaller (less costly) than the NED plan will usually be considered
favorably for an exception to the NED requirements based on local
affordability considerations. Affordability is a valid reason for

* selecting a smaller plan. Assuming an exception were granted, the
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smaller plan would be cost shared in the same manner the NED plan
and would become a Federally supportable plan.

b. Environmental Impacts. - The environmental impacts of
each of the alternatives are evaluated in the EIS/EIR. This
evaluation, which focuses on direct impacts, indirect impacts, and
impacts related to residual flooding, is summarized below.
Included for reference is Table B-37 which provides a summary of
direct impacts for each impact category.

(1) Direct Impacts. - Increasing the channel capacity of
the lower American River combined with increases in the seasonal
flood storage at Folsom Reservoir as proposed under the 150-year
alternative and two of the 100-year (FEMA) alternatives would
result in a permanent loss of hundreds of acres of riparian and
wetland habitat, including open water, freshwater marsh, shaded
riverine aquatic, riparian shrub scrub, and riparian forest cover
types (see Table B-37). These cover types and the areas
associated with them support a greater diversity of wildlife than
any other terrestrial habitat. Dramatic statewide losses of
freshwater marsh and riparian forest, in particular, over the past
century makes these cover types especially significant locally and
regionally. The lost vegetation would include elderberry bushes
which provide habitat for the endangered valley elderberry
longhorn beetle (see Table B-37). In order to compensate for the
loss of wildlife values associated with this habitat, up to 1,439
acres in the American River Parkway (roughly 30 percent of the
parkway) would have to be acquired and intensively managed as a
wetland/upland complex. Impacts to the valley elderberry longhorn
beetle would be avoided by removing identified elderberry bushes
to sites outside of the construction zone.

Bank armoring, levee enlargement, and removal of riparian
vegetation would significantly reduce the quality of both water-
dependant and water-enhanced recreation in the lower American
River (see Table B-37). This reach of the river is part of a
State and Federal "wild and scenic" classification which normally
prohibits activities such as Federal construction, assistance, or
licensing of water projects adversely affecting the
characteristics qualifying the river for the national system.
Such adverse impacts in this case would be unavoidable.

Increases in seasonal flood storage at Folsom Reservoir as
proposed under the 150-year and two of the 100-year (FEMA)
alternatives would cause the reservoir to be operated at lower
levels during the flood season. Accordingly, water which would
otherwise be stored for power generation, agricultural irrigation,
municipal and industrial use, recreation, or environmental
resource management would have to be released. The principal
casualties of this operation would be the temperature-sensitive

B
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elements of the fishery inhabiting the reservoir and the lower
reaches of the American River. With increased flood storage,
water level fluctuations in the reservoir would worsen, thereby,
threatening existing warm water fish spawning in the reservoir
during April through June. Reductions in the pool of cold water
available for release from the reservoir would also result in
downstream water temperature increases and Imperil Chinook salmon
production in the lower American River (see Table B-37).

Finally, the added space for flood control at Folsom could
trigger adjustments in overall CVP operations which would
adversely affect two Federally listed endangered species, the
winter-run Chinook salmon and the Delta smelt (see Table B-37).

Impacts to water and power resources, under the above
scenario, would be compensated through purchase of supplies
developed from alternative sources. Impacts to fisheries would be
reduced by plantings in the reservoir and placement of spawning
gravels in the lower American River. These impacts could be
further reduced by making reservoir operations more temperature-
sensitive at the expense of water, power and recreational uses.
Impacts to recreation would be unavoidable. Impacts to endangered
species could be avoided by maintaining pre-project CVP operations
and meeting anticipated demands for water and power from sources. outside the CVP.

In contrast to impacting the regionally significant resources
of the lower American River including the fishery, riparian
vegetation, recreational, water supply, and hydropower, the
impacts associated with constructing a flood control dam at Auburn
would be confined to the 4,000 acre detention area. This area is
a relatively unpopulated area, with fish, vegetation, and wildlife
habitats that are much more abundant on a statewide basis. The
sand and gravel needed for the dam would be obtained from the Old
Cool Quarry which is currently operating in the Middle Fork canyon
approximately 5 miles upstream from the damsite. Despite the
volume of material involved, aggregate could be mined from the
quarry and transported to the damsite without any significant loss
of habitat. Because of the preparatory work accomplished in
connection with the multipurpose project, many of the construction
roads needed for the flood control dam have already been created
and the damsite itself has been substantially degraded. Spoils
generated by foundation excavation would be banked in the keyway
of the existing multipurpose dam foundation and at the foot of an
uncompleted boatramp adjacent to the keyway, thereby providing
some environmental restoration values.

Operation of the flood control dam would have little affect
on aquatic resources in the upper American River area. However,
dam operations would adversely affect wildlife species, including

* the valley elderberry longhorn beetle, and upland vegetation
occupying the inundation zone (see Tables B-37). Investigations
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resulted in a determination that 1,927 acres of oak woodland,
chaparral, and conifer forrest cover types will be lost due to the
combined effects of inundation and soil slippage in the inundation
zone (Appendix Q). Compensation for the loss of general wildlife
values associated with this habitat would require acquisition and
preservation of approximately 2,685 acres of riverine habitat
along the South Fork of the American River. Impacts to the valley
elderberry longhorn beetle would be mitigated by the acquisition
of an additional 2,700 acreas and the planting of elderberry
bushes.

Periodic flooding would not have any adverse impact on
whitewater rafting in the canyon area since high flows would occur
only during winter storms. Flooding could cause erosion damage to
existing roads and trails in the inundation zone, thereby
disrupting recreational use of the canyon area (see Table B-37).
However,these impacts would occur in the off-season, leaving the
agency responsible for maintenance and operation of the dam
adequate time to repair the damage before any recreational
activity is substantially affected. Similarly, while replacement
of Highway 49 would restrict recreational access to the canyon,
this impact could be avoided if the existing roadway is maintained
as a local access facility. Construction and operation of the
flood control dam would result in unavoidable impacts on the
aesthetic quality of the canyon area.

(2) Indirect Impacts. - Under all of the alternatives,
the metropolitan Sacramento area, including the Natomas basin
would be protected from flooding at least to a level sufficient to
permit FEMA to issue new Flood Insurance Rate Maps removing most
of the area from the 100-year flood plain. Based on existing
local land use plans, this protection would enable regional growth
to occur in Natomas and in the remaining vacant areas in the
Meadowview and Pocket sections of the City where high base flood
elevations might otherwise constrain development. A change in
land use from open space and agriculture to urban uses in these
areas would produce significant impacts on housing, population,
traffic, air pollution, sewage generation, and other public
services. Urbanization would cause the loss of significant
amounts of agricultural land, much of which is designated prime or
unique farmland in the Natomas basin. Cultural resources,
wetlands, and fish and wildlife habitats in the area would also be
adversely affected. In particular, development in Natomas and
Meadowview would imperil two resident State-listed species, the
California giant garter snake and the Swainson's hawk. Under the
State Endangered Species Act, the State is constrained from
participating in the project unless the local land use agencies
controlling development in Natomas provide assurances that they
will exercise their authority in such a manner as to avoid
jeopardy to these species.
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Both of the dam alternatives would require relocation of
Highway 49. Based on the in-kind/in-place replacement, this
relocation would not significantly alter existing commute or other
local traffic patterns and would thus have little effect on
regional growth in the foothills. However, relocation of the
highway is a State responsibility which must be discharged in
accordance with existing State procedures. These procedures
require completion of a route adoption study and approval of the
proposed relocation by the California Transportation Commission
(CTC). It is possible, therefore, that the relocation ultimately
adopted by the State may differ from the one identified by the
Corps and may produce a more substantial effect on regional growth
in the foothills.

(3) Residual Flood Damages. - Residual flood damages are
a measure of the risk of uncontrolled flooding associated with
each of the alternatives and the severity of the impacts should an
uncontrolled flood occur in the Sacramento area. These impacts
include: (1) contamination due to flood-induced releases of
hazardous and toxic waste materials, (2) loss of vegetation and
special status wildlife, (3) loss of American River Parkway
resources, (4) loss of upper American River canyon resources,
(5) generation of significant quantities of landfill related to
the disposal of flood-related debris, (6) loss of open space in
Natomas, (7) consumption of the environmental resources needed to
replace damaged structures, (8) risk aversion, and (9) economic
disruption.

(a) Toxic and Hazardous Waste Contamination. -
Flooding has caused significant releases of toxic and hazardous
substances into the environment. Types of hazardous materials
which have caused significant problems include above-ground tanks
and drums, which may contain heating oil, fuel oil, liquid
propane, kerosene, and agricultural chemicals. Floods in
agricultural areas are particularly susceptible in this regard
since a wide variety of petroleum products, herbicides,
pesticides, solvents, and fertilizers are often stored on site in
unsecured and unanchored containers. Commercially available
hazardous products in homes, retail stores, landfills, and illegal
dump sites can also cause problems. Without extensive changes in
the way these substances are used and stored, future natural
disasters are likely to continue to cause significant problems in
this regard.

(b) Loss of Vegetation and Special Status Wildlife.
- There is very little indication that plant and animal
populations within the flood plain would be severely impacted by
flooding. However, some special status wildlife species could be
impacted by inundation. An extensive flood could possibly
expatriate species from the Sacramento area (depending upon their
tolerance to inundation). These species include: the giant

* garter snake, the ringtail, the valley elderberry longhorn beetle,
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diffuse rush, delta tule pea, Sanford's saggitaria, bird's beak,
Downingia, hege-hyssop, California hibiscus, toad rush and valley
oak. In alternatives providing lower levels of protection there
is greater risk that significant flooding would occur that could
eliminate these species from the Sacramento area.

(c) Loss of American River Parkway Resources. - The
American River Parkway, as an environmental resource has
associated with it high recreational, aesthetic, and existence
values. Under the alternatives which provide less than 200-year
protection there is significant risk that these environmental
values would be adversely impacted by frequent flooding. The
higher level of protection alternatives reduce this risk
considerably, thereby preserving these environmental values.

(d) Loss of Upper American River Canyon Resources.
- Similar to the American River Parkway, the upper American River
canyon, as an environmental resource, has associated with it high
recreational, aesthetic, and existence values. The alternatives
providing levels of protection in excess of 200 years would
adversely impact these values due to the construction of a flood
control dam in the canyon. However, offsetting this is the fact
that this flood control dam would not incur permanent inundation.
Thus, the environmental values of recreational, aesthetic, and
existence would remain mostly unchanged.

(e) Flood Debris Generation. - It is quite likely
that subsequent to a major flood, significant quantities of flood
related debris would be generated. The Sacramento area flood of
1986 was examined to determine an estimate of the amount of debris
generated as a result of that flood. This figure has been
estimated at 9,478 tons. It should be noted that flooding which
occurred in the Sacramento area in 1986 was very limited in scope.
No major levee failures occurred and only a small area of land was
affected. The amount of debris that could be generated by a 200-
year flood or greater would be many times greater. Since most of
this debris would end up being hauled to local landfills, a large
flood would significantly impact space at landfills within the
area.

(f) Loss of Open Space in Natomas. - The
availability of open space within an urban setting is generally
perceived as a significant social value. Implementation of any of
the alternatives (except no action) allows future development in
Natomas. The future of any open space land under any of the
alternatives will be subject to local land use policy decisions.
Potential flooding, and its associated impacts to any remaining
open space however, will be greatest under the alternatives
providing less than 200-year levels of protection.
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(g) Consumption of Environmental Resources. - There
would be impacts associated with developing additional natural
resources needed for reconstruction of the flood plain subsequent
to a flood. Little information is available estimating the types
and quantities of building materials needed for reconstruction
after a major inundation. Since most flood damage occurs as the
result of ponding, very little concrete replacement is likely.
However, gypsum board, wood, carpeting, and insulation would very
likely sustain significant damage. Alternatives with 200-year
levels of protection or greater would impact environmental
resources much less than alternatives having lower than 200-year
levels of protection.

(h) Risk Aversion. - Many people place a premium on
the avoidance of risk. In the case of flooding, this risk averse
behavior means that flood victims will usually perceive themselves
as having sustained losses significantly in excess of the property
and possessions they lost. This added value is attributed to such
things as fear (of death, injury, loss of loved ones), mental
anguish, trauma, general disruption, and so on. There is also
evidence that if a flood involves the possibility of contamination
by flood disturbed hazardous waste, the premium placed on the
avoidance of risk is significantly higher. The alternatives
providing at least 200-year levels of protection offer the
greatest security against risk because these alternatives offer

* the greatest levels of protection.

(i) Economic Disruption. - Flood inundation within
the flood plain would have significant impacts on the day to day
business activities of the Sacramento area. Many businesses would
be forced to close, at least temporarily, during the inundation
and cleanup periods. Halt in productivity, in any business, can
be devastating. In addition, Sacramento, being the State capitol,
carries on significant government activities. Significant
flooding would temporarily stop government operations.
Alternatives providing 200-year levels of protection or greater
ensure against these types of impacts.

A rough comparison of these differences may be obtained by
examining the extent to which, over the assumed 100-year life of
the project, each of the alternatives would reduce the flood
inundation damages likely to occur under the "without" project (or
no action) condition. Annual damages under this baseline
condition would be $191 million. The 400-year alternative would
reduce this figure by $163 million. The 200-year alternative
would produce a $134 million reduction. The 150-year alternative
would reduce the projected damages by $101 million annually.
Finally, the 100-year (FEMA) alternatives would produce a
$52 million reduction. If these figures are indicative of
environmental impacts avoided, the impacts produced by the 100-

* year (FEMA) alternative during the life of the project would be
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significantly greater than the impacts produced by all of the
other alternatives.

c. Public Health and Safety. - By 1992, it is estimated that
over 366,000 people will reside within the 100-year flood plain of
the American River. Significant portions of this flood plain
could flood to a level of 5 feet or more in the event of a levee
failure. Depending on the size and circumstances of the failure,
flooding could be swift and extensive, placing a heavy strain on
the evacuation capabilities of the responsible local agencies.
Even with a relatively long warning time (7-9 hours) prior to the
break, a major flood event affecting the entire flood plain could
cause many fatalities. If the warning time is relatively short
(less than 1 hour), the loss of life could reach catastrophic
proportions.

Two areas of the City of Sacramento are of particular
concern: Natomas, which is currently inhabited by about 35,000
residents, and the Pocket area which contains about 40,000
residents. Depending on the magnitude of the storm, flood depths
in these areas could reach 15 feet. Since both areas suffer from
a lack of adequate exit routes to facilitate rapid evacuation,
flooding would not only cause extensive property damage, but would
pose a serious and immediate threat to public safety. The
potential for flooding in these areas is magnified by their
dependence on high earthen levees for protection. High levees
essentially function as long dams without normal dam safety S
features such as emergency spillways, outlet facilities, and
seismic design criteria. Storm waters moving at erosive
velocities for miles along the slope of the levees need only
encounter a single weak spot in the system to cause a breach and
produce an uncontrolled, life-threatening flood. The performance
of the American River levee system during the 1986 flood provides
a good example of the inherent risks associated with levees.
During the 1986 flood, the lower American River flows peaked for
short durations at about 134,000 cfs. Near the Business 80
crossing, significant erosion damage occurred. Water velocities
at this location were estimated at only about 4 feet per second
(fps). Alternatives which incorporate objective releases of
180,000 cfs are capable of generating velocities well in excess of
4 fps at different locations along the river. For example, at "H"
Street, hydraulic models indicate water velocities would be in
excess of 10 fps with a 180,000 cfs objective release. Similarly,
at the Guy West pedestrian bridge velocities could reach in excess
of 9 fps. Velocities of at least 10 fps are expected at Sunrise
bridge. While erosion protection would be incorporated into levee
designs to prevent failures it must be remembered that should some
natural disaster (an earthquake, for example) occur which
compromised the structural integrity of the erosion protection
along the levee these velocities would be very destructive.
Levees cannot be feasibly designed to the same criteria as dam
facilities. The State Department of Water Resources has long 5
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* recognized this risk. In its "Bulletin 199 - California Flood
Management: An Evaluation of Flood Damage Prevention Programs;
September 1980," the Department states "Levees are the basic
method of providing local flood protection in the United
State . . . they are also the method with the greatest potential
risk of failure."

The ability of the existing system to safely contain high
flows is constrained by the relatively narrow width of the
floodway. Widening the floodway is infeasible due to the
proximity of existing development. Thus, the only way to increase
the design capacity of the lower American River channel is to
increase the height of these levees as proposed under the 150-year
alternative and two of the three 100-year (FEMA) alternatives.
This approach, however, results in higher velocities and
exacerbates the inherent risks of the system.

The risk of flooding in Sacramento is further heightened by
the uncertainties associated with forecasting flood events in the
American River. Since the hydrologic record for this watershed is
relatively short (about 85 years), additional significant flood
events can cause major adjustments in estimates of flood
frequencies. For example, in the early 1950's Folsom Dam was
designed to provide protection from the largest rainstorm of
record within the region (the 1937 storm). This "Reservoir Design

* Flood" (RDF) was estimated to be about a 250-year storm based on
what was then a 40-50 year record. In 1961, following a detailed
evaluation of the 1955 storm which exceeded the RDF and
established a record for northern California, the protection
afforded by Folsom Reservoir was downgraded based on a new flood-
frequency curve prepared by the Corps. The new curve indicated
that the American River flood plain was protected to about a 120-
year level. Nevertheless, the 1986 storm, later estimated to be
about a 70-year event, nearly resulted in significant uncontrolled
flooding. In the aftermath of this storm, the frequency curve was
updated to reflect the last 25 years of record. This latest curve
indicates that the flood plain is protected only to about a 63-
year level, roughly half the protection thought to exist prior to
1986.

Uncertainties in flood forecasting also impact on the
viability of the 100- and 150-year protection level alternatives.
The 100- and 150-year alternatives require the use of Folsom
Reservoir surcharge storage space. Surcharge storage space is
normally provided in a reservoir as a safety factor to account for
a large variety of uncertainties. By elimination of the "safety"
storage, there is increased risk associated with the operation of
these alternatives. Current technology is not capable of
eliminating the many uncertainties that go into flood control
reservoir operations that would eliminate the risk associated with
the use of surcharge overtopping Folsom Dam in the event of. unforeseen circumstances.
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Against this background of uncertainty regarding the 0
magnitude of the storms which may be generated in the American
River basin, the alternatives which would create high levels of
flood protection based on new storage at Auburn would provide a
far greater margin of safety than the alternatives which rely on
increasing the capacity of the existing system. The dam
alternatives are designed to handle big storms. They also provide
a reliable structural hedge against unexpectedly large events in
the form of surcharge storage space, and thus reduce the extent to
which flood plain occupants must rely on levee freeboard in the
event of storms which exceed the design capacity of the system.

Finally, as noted above, under existing local and Federal
flood plain management regulations, all of the alternatives would
provide a sufficient level of protection to permit development to
proceed in Natomas and elsewhere in the 100-year flood plain.
This development would significantly increase the number of people
and the amount of property exposed to flooding and would increase
the losses produced by an uncontrolled event. It is possible in
this context that the 100-year (FEMA) alternatives could actually
be less safe than the no-action alternative since the incremental
reduction in risk achieved by the FEMA alternatives could be
offset by an increase in the severity of a flood event due to the
additional people and property at risk in the deepest portions of
the flood plain. The 150-year alternative would achieve more of a
balance between reduced risk and increased severity of flooding.
However, the 200- and 400-year alternatives by substantially
reducing the risk of flooding would achieve the greatest net gains
in public safety.

The tabulation below shows an estimate of the relative
potential for loss of life within the 100-year flood plain for the
various levels of flood protection provided by the alternatives
over the project life (100 years). The no-action alternative is
the base condition. For comparative purposes, the public health
and safety factor is defined as the potential for loss of life
during a major flood. Loss of life is dependent on many
considerations, including the (1) flood plain population at risk
(individuals who cannot or will not vacate the flood plain in an
emergency), (2) flood-warning time, (3) potential depth of
flooding, and (4) the probability of the flood event.
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Potential
Loss of Life Public Health
(Change from and Safety

Alternative Base Condition)1 Rating

No Action Base Condition Low
Three 100-year (FEMA) 30-40% Increase None
150-year 10-15% Increase Low
200-year 15-20% Decrease High
400-year 40-50% Decrease Very High

LOver the project life of 100 years.

d. Acceptability. - Non-Federal participation in the project
is essential because the non-Federal sponsor must share in the
cost of construction and provide long-term maintenance and
operation. Without this participation, it would not be possible
to proceed with the project. In this case, the State and SAFCA
have taken the position that they will not support any project
providing less than a 200-year level of protection to the people
and property currently occupying the American River flood plain.

This position is based on the public safety considerations
discussed above. It recognizes that the areas lying within the
flood plain are subject to a significant risk of uncontrolled
flows with the potential for a catastrophic loss of life and
property. Under these circumstances, the non-Federal sponsors
have concluded that the "average" level of protection afforded by
the 100-year standard is inadequate. They note that long-term
flood protection planning along the American River for most of the
last 40 years has been based on protecting against the standard
project flood (SPF). This standard was developed by the Corps in
the late 1940's and early 50's and was used to ensure that Federal
flood control projects involving unusually high-valued urban
property and significant risks to human life achieve a uniformly
high level of flood protection. The SPF has been defined as " a
hypothetical flood representing the critical flood runoff volume
and peak discharge that may be expected from the most severe
combination of meteorologic and hydrologic conditions that is
considered reasonably characteristic for the hydrologic region
involved." As a general rule, the SPF is considered to be an
event likely to occur about once every 200 to 300 years.

In the aftermath of the most serious flood event in
Sacramento's recent history, the non-Federal sponsors have
reaffirmed the appropriateness of achieving a high (SPF) level of
protection for Sacramento. Since 200-year protection represents
the low range of the SPF standard, the non-Federal sponsors have. sought to protect the community at least to that level. On this
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basis, the 100- (FEMA) and 150-year alternatives are considered
unacceptable.

As between the 200- and 400-year alternatives, the 200-year
plan has achieved more widespread local acceptance for two
reasons. First, the 200-year alternative is less costly by about
$100 million. Assuming final costs in the range of $700 to $800
million for the 400-year alternative, the smaller project would
represent an 12-13 percent cost saving. Second, the dam proposed
under the 400-year alternative is perceived by some members of the
environmental community as a facility that would be more easily
convertible to multipurpose use than the smaller 200-year dam.
The concern is that the 400-year structure would be large enough
to accommodate a permanent pool for water storage while still
providing the minimum 200-year level of flood protection to which
the non-Federal sponsors are committed. Thus, the non-Federal
sponsor feels that the larger project is not sufficiently neutral
with respect to development of the natural resources in the canyon
area. In deference to these views and in consideration of the
cost savings which could be realized with a smaller project, the
non-Federal sponsors have recommended that the Corps consider
selection of the 200-year alternative for submittal to Congress.

22. Plan Selection. - Final plan selection was based on all of
the above criteria. Table B-38 compares the relative capability
of each alternative to satisfy each of the selection factors.
Both qualitative and numerical ratings were made, and the major
advantages and disadvantages of each alternative are shown to help
explain the ratings. In the numerical rating system, a scale of
zero to five was used. In this system, a zero ranked lowest and a
five ranked highest. The numerical ratings given each alternative
under each evaluation category were then summed to provide an
overall numerical ranking of the alternative.

The 400-year plan in the draft feasibility report was rated
highest overall based upon the four evaluation criteria (economic
efficiency, public health and safety, and environmental
categories). For the reasons outlined above, the Reclamation
Board and SAFCA, after the close of the comment period on the
draft report, identified the 200-year plan as the locally
preferred plan. On the basis of this State recommendation, the
200-year alternative was identified as the selected plan for
submittal to Congress. The non-Federal sponsor recognizes that an
exception will need to be granted by the ASA (CW) to deviate from
the NED plan.
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O I.INTRODUCTION

APPENDIX - ECONOMICS OF SELECTED PLAN

CHAPTER I - INTRODUCTION

1. General. - This appendix describes the economic analysis
used to develop the selected plan for the American River Watershed
Investigation. This plan primarily includes a 545,000 acre-foot
flood control dam near Auburn on the American River, levee and
related channel flood control improvements around the Natomas
area, and recreation trails associated with levee modification and
construction for the Natomas area. The selected plan provides a
200-year level of flood protection to areas along main stem
American River and in Natomas. This appendix includes a summary
description of project costs and a detailed description of project
benefits. It also includes a description of the project
optimization process. Detailed information on project costs are
included in the Design and Costs Estimates Appendix (Appendix N).

0
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II.COSTS

CHAPTER II - COSTS

2. Costs. - Following are brief descriptions of first and
annual costs for the project. Again, detailed descriptions are
included in the Design and Costs Estimates Appendix.

a. General. - An M-Caces "Code of Accounts Cost
Estimate" was made for the selected plan (200-year level of
protection). Because the M-CASES cost estimate is extremely
costly and time consuming, it was not applied to all the plan
alternatives. Therefore, costs used for the plan formulation and
optimization (Chapter IV of this appendix) were developed using
traditional Corps procedures for feasibility studies.

It is believed that the relationship of the costs for project
alternatives described in both the plan formulation and in the
project optimization to the costs of the selected plan would be
similar if the code of accounts were applied for all plans.
Accordingly, the selection of the NED plan is believed to be
valid. The project optimization is shown in Chapter IV of this 0
appendix whereby the identification of the plan that maximized net
economic development (NED) benefits is shown.

Also included in the first cost are estimated expenditures by
the U. S. Bureau of Reclamation (USBR) on the Auburn Dam project
to date. That portion of the USBR costs which would not need to
be expended to construct the selected plan were considered as
creditable costs to a flood control project. These costs amounted
to $77.7 million ($74.5 million on 1990 price levels updated by
the Corps to 1991 prices). These costs are used in identifying
the total first cost and O&M cost allocation. They were not used
in determining the economic feasibility of the selected plan. A
detailed breakdown of the costs are provided in Appendix I and
described more fully in the main report Chapter VIII.

b. First cost. - The estimated first cost for the
selected plan is $698.2 million. First costs for major project
items are summarized in Table II-1. All estimates are based on 1
October 1991 levels. Estimates include variable contingencies
based on essential and expected conditions in project
construction. Estimates for engineering and design and
supervision and administration were based on experience for
similar work in the Sacramento District.

c. Annual cost. - The estimated average annual cost is
$61.7 million; item costs are summarized in Table 11-2. Annual

C - 2



costs were determined in accordance with EM 1110-2-1301 and are
based on 1 October 1991 price levels, 8-3/4 percent interest, and
100-year amortization. Operation and maintenance (O&M for dam,
detention area lands, levees, and related features as well as
major replacement costs) were primarily based on experience for
similar work in the Sacramento District. O&M costs to offset
remaining adverse impacts in the reservoir area were based on the
estimated program features.

C - 3



TABLE II-1

SUMMARY FIRST COST
SELECTED PLAN 1/

($ 1,000)

Upper American Natomas
Item River 2/ Area Total

Lands 60,500 20,800 81,300
Flood Control (16,500) (10,200) (26,700)
Mitigation (44,000) (3,800) (47,800)
Recreation -- (6,800) (6,800)

Roads & Relocation 103,400 4,000 107,400
Dam 320,700 -- 320,700
Levee Modification -- 5,200 5,200
Floodways & Channels -- 1,000 1,000
Pumping Station -- 4,300 4,300
Recreation Facilities -- 1,400 1,400
Cultural Resources 4,000 700 4,700
Environmental
Mitigation 3/ 3,700 5,600 9,300
E, D, S, and A 4/ 79,000 6,200 85,200
Subtotal 571,300 49,200 620,500
Creditable Expenditures 77,700 -- 77,700
to Date

Total 649,000 49,200 698,200

1/ October 1991 price levels.
2/ 545,000 ac-ft flood control storage facility near Auburn

Dam site.
3/ Does not include lands.
4/ Engineering, Design, Supervision and Administration.

C- 4



0 TABLE 11-2

ANNUAL COSTS
SELECTED PLAN

($ 1,000 )

Upper American Natomas
Item River Area Total

Total First Cost 649,000 49,200 698,200
Creditable Expenditures
Deduction IL -77,700 -- -77,700
IDC 2/ 64,500 5,600 70,100
Total Investment Cost 635,800 54,800 690,600

Annual Cost 31

Interest and
Amortization 55,700 4,700 60,400

OMR&R 4] 1,000 300 1,300

Total 56,700 5,000 61,700

1/ Included for cost apportionment, but not economic analysis.
2/ IDC = Interest during construction period.
3/ 100-year project life and 8-3/4 percent interest rate.
4/ Dam, detention area, levees, and mitigation area.

C - 5
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CHAPTER III - BENEFITS

3. General. - Economic benefits claimed for the Selected
Plan would result from:

- 200-year flood protection along the main stem of the
American River, in the Natomas area, and certain areas
along Dry Creek.

- Recreation associated with pedestrian and equestrian
trails, primarily along the Natomas East Main Drainage
Canal and lower Dry and Arcade Creeks.

Following are descriptions of the benefit determinations.

4. Flood Control. - Average annual flood damages were
estimated under both current and projected future conditions of
development within the American River flood plains located in
Sacramento, Sutter, and Placer Counties. Oiily tangible damages
have been evaluated; those which accrue as a direct result of
flooding and are already ascertained on the basis of monetary
terms have been included in this analysis. Intangible damages
such as loss of life, impairment of health and living conditions,
and other items not subject to monetary evaluation have not been
included in the damage analysis. This analysis is based on a
100-year project life (2000-2100), October 1991 price levels, and
an 8-3/4 percent interest rate. Average annual damages and
benefits are estimated in accordance with ER 1105-2-100.
Assumptions and methodology used in developing average annual
damages under without- and several alternative with-project
conditions are described in the following paragraphs.

a. Historical Flood Damaqes. - Table III-1 is a listing
of historical flood damages along the American River. The data
were taken from the Corps post-flood reports.

b. Flood Plain Description. -

(1) Flow/Staqe - Frequency Relationships. -
Flow-frequency and stage-frequency relationships were developed
for various locations in the American River, Sacramento River, and
tributaries. A description of the relationships is contained in
the Hydrology Appendix. Plates C-l, C-2, and C-3 are from
information contained in that appendix and from other sources.
Plate C-1 shows flow-frequency relationships for the American
River at Fair Oaks under without- and various with-project
conditions. Included in Plate C-2 are flow/stage-frequency
relationships in the Natomas East Main Drainage Canal (NEMDC) and
American River at the mouth of the canal for various frequency
events. Plate C-3 shows a profile for various plans, stages and

C - 6



TABLE III-i

HISTORICAL FLOOD DAMAGES
AMERICAN RIVER

Date of Acres Total Damages
Flood Event Flooded at Time of Flood

NOVEMBER - DECEMBER 1950
Above Folsom Dam 300 484,000
Below Folsom Dam 8,800 3,021,000
Total 9,100 $3,505,000

DECEMBER 1955
Above Folsom Dam 100 808,000
Below Folsom Dam 0 0
Total 100 808,000

OCTOBER 1962
Above Folsom Dam 0 3,000
Below Folsom Dam 0 3.000
Total 0 3,000

JANUARY - FEBRUARY 1963
Above Folsom Dam 100 307,000
Below Folsom Dam 1,300 251,000
Total 1,400 558,000

DECEMBER 1964 - JANUARY 1965
Above Folsom Dam 0 3,231
Below Folsom Dam 3,780 1,214
Total 3,780 4,445

FEBRUARY 1986 N/A 2,600,000

N/A = Not available

0
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levee crown elevations for the 100-year (FEMA), 200-year, 400-
year, and 500-year events in the NEMDC. Relationships in these
plates were used to identify the frequency of levee failure under
without- and with- project conditions.

(2) Levee Failure. - Major flooding in the
Sacramento area would occur in the event of levee failure. Levees
can fail for several reasons, and it is difficult to predict how
and where the failures will occur. Levees have been known to fail
when water stages are significantly below the design freeboard.
On the American River during the February 1986 storms, levees were
damaged by erosion at several locations having adequate freeboard.
At other locations, freeboard was encroached, but damages were not
significant. For the economic analysis in this study, the assumed
levee failure mode was based on encroachment into the levee
freeboard and a projection of the impacts of this encroachment on
the physical system. Failure was assumed at varying degrees of
encroachment into the freeboard based on a knowledge of levee
conditions, exposure to high velocities or wave runup and
overtopping, and levee performance during the February 1986 high
water conditions.

The existing-condition levee failure analyses were based on
four primary factors. One was the assumption that construction of
levee improvements described in the Sacramento River Flood Control
System Evaluation, Initial Appraisal Report, Sacramento Urban Area
(Phase I) would be complete (i.e., Sacramento-area levees are as
stable as their design flow). A second assumption was that
deposited sediment in the Fremont Weir would be removed (i.e.,
weir elevation would be 30.5 feet for its entire length). The
third assumption was the observed condition of the levees in
relation to geotechnical evaluation and the function of the system
during the February 1986 high flows. The last was hydrologic, and
related observations and forecasts are fully described in the
hydrology appendix.

Table 111-2 is a summary of remaining freeboard, stages (or
flows), and frequencies for the assumed levee failure. Plate C-4
shows backwater profiles along the American River for several flow
rates ranging from 115,000 to 180,000 cfs. The plate also shows
several locations of expected failure (shown on Plate C-5). The
relationship between freeboard, design water surface elevations,
observed highwater conditions, and assumed levee breaching stages
are also shown in Plate C-5. As can be seen, in all cases, the
stage of the assumed levee breaching (for economic purpose) is
above the observed high water level and the design water surface.
In four of the six examples shown, the breach stage is over 50
percent encroachment into the levee freeboard. It is important to
note that if the six levee locations shown in the plate were
raised, the estimated breach sites would simply shift to nearby
locations on the levee.
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TABLE 111-2

POTENTIAL LEVEE FAILURE 1/

Remaining Stage Approximate
Levee Reach Freeboard 2/ (ft-msl) Return

at Failure or Flows Period
(ft) ./ (years)

Reclamation District 1000
Sacramento River (Left Bank)

Natomas Cross Canal to
the Natomas Main Drain 3 5/ --

Natomas Cross Canal (North
and South Levees) 2 4/ 40.0 200

Natomas East Main Drain
(West Levee) 1.5 4/ 35.4 71

American River Levee System
North (Right) Bank, Sacramento

River to River Mile 5.2 3 180,000+ 85+
North (Right) Bank, upstream of

River Mile 5.2 4 140,000 71
South (Left) Bank, Sacramento

River to River Mile 5.2 5 140,000 71
South (Left) Bank, River Mile

5.2 to River Mile 7.8 5 145,000 73
South (Left) Bank, upstream of

River Mile 7.8 4 200,000 6/ 94
Dry Creek, Arcade Creek, and the

East Levee of the Natomas
East Main Drain 3 7/ --

Sacramento River East (Left) Bank
from the American River to
Freeport 3 4/

Sacramento River West (Right) Bank
from the Sacramento Bypass
to Riverview 3 4/ --

Yolo Bypass and Tributary Levees 3 4/ --
Sacramento River West (Right)

Bank from the Natomas Cross
Canal to the Sacramento Bypass 8/

1/ For flood damage estimates only. Actual levee failures
may occur at higher or lower flows and stages.

2/ Basis is (a) levee rehabilitation as part of the
Sacramento River Flood Control and Sacramento River Bank
Protection Projects in Sacramento area have been
completed, and (b) the remaining sediment in Fremont Weir
has been removed.

3/ Unless otherwise noted, flows are at Fair Oaks gage.
4/ Freeboard encroached condition chosen based on February

1986 Flood conditions.
5/ Not applicable due to failure at other locations reducing

threat.
6/ Non damaging flow is approximately 145,000 cfs.
7/ Levee failure is not the condition of flood damage on Dry

Creek.
8/ For evaluation of flood damages, zero remaining freeboard

was selected to be consistent with FEMA's approach to
establishing failures. C - 9



The assumed remaining freeboard at levee failure shown in
Table 111-2 and illustrated on Plate C-5 were estimated
considering the following facts:

- Expected flow velocities and duration of high stages.

- Levee cross sections, depths of flow, and height of
freeboard during high stages.

- Potential for erosion of levee material.

- Wind and wave action and overtopping.

- Levee performance based on observed conditions.

- Potential for animal borings, cracks, and otherwise
loss of homogeneity.

Each of the above parameters are significantly important in
estimating potential levee failure. However, levee instability at
increasing river stages is perhaps the predominant factor.
Geotechnical investigations of the levees in the Sacramento area,
including core borings, were conducted. These investigations
considered the potential for levee instability at various river
stages. Along the main stem American River, for example, stages
generated by flows of 115,000, 130,000, and 180,000 cfs were
evaluated. Three criteria were considered: (1) minimum freeboard
of 3 feet, (2) minimum slope stability factor at safety of 1.4,
and (3) for a safety against piping of 3.0. The evaluation
concluded that at flows of 130,000 cfs, five locations are
estimated to exceed at least one of the above criteria.
Accordingly, the levees are structurally stable for flows not
exceeding 115,000 cfs. Detailed descriptions of the potential for
high stages in the various waterways around Sacramento and results
of geotechnical explorations of the levees with respect to various
riverflows and stages are contained in the Hydrology and
Geotechnical Investigations Appendixes.

It should be mentioned that a railroad embankment which
roughly parallels the south side of the south project levee is
expected to offer additional flood protection to the downtown
area. The elevation of the top of the embankment is similar to
the project levee. The City of Sacramento has an emergency plan
to seal openings through the embankment (railroad, roadways,
footpaths, etc.) in the event of impending flooding. However, for
economic purposes in this study, it was assumed that, should the
south project levee fail, the river stages would be significantly
great enough to also cause a breaching of the railroad embankment.
As the flood prevention effectiveness of the embankment depends on
several critical parameters (stability of the embankment and
closures and successful implementation of closure actions), this
assumption appeared appropriate for this study.
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(3) Resulting Flood Plains. - Flood plains, shown
in Plates C-6a, C-6b, and C-6c, were developed to identify areas
subject to flooding in and around Sacramento. They were developed
for the 100-year and 400-year events (500-year event for the Dry
Creek area). The flood plains were further delineated into six
reaches. Each reach was then broken into sub-reaches (85) based
on hydrologic data that separated these sub-reaches into either
ponding or overflow areas. It is estimated that the 400-year
flood plain covers an area of approximately 116,000 acres. The
six reaches include: (1) Natomas; (2) Dry Creek; (3) North
Sacramento; (4) Rancho Cordova; (5) South Sacramento; and (6)
Richards Boulevard.

- Natomas. -

* Sub-area I - Southern Natomas - The area bounded by
Power Line Road on the north, the Natomas East Main Drainage Canal
(NEMDC) on the east, Del Paso Road from the NEMDC to Highway 99,
southwesterly to the Sacramento River, the Sacramento River on the
west, and the American River and Sacramento River on the south.

* Sub-area II - Mid-Natomas - The area bounded by
Elkhorn Boulevard from the Sacramento River to Power Line Road on
the north, northerly along Power Line Road to Elverta Road and
along Elverta Road to NEMDC, the NEMDC on the east, the Sacramento
River on the west, and the northern limit of Area I on the south.

"* Sub-area III - Airport and Vicinity - The area bounded
by Elverta Road on the north, Power Line Road on the east, the
Sacramento River on the west, and Elkhorn Boulevard on the South.

"* Sub-area IV - Northern Natomas - The area bounded by
the Natomas Cross Canal on the north, the NEMDC on the east, the
Sacramento River on the west, and Elverta Road on the south.

- Dry Creek. -

"* Sub-area V - The area bounded by the NEMDC on the east
and Sankey Road to 1/2 mile south of Elverta Road.

"* Sub-area VI - The area bounded by the NEMDC on the
east, 1/2 mile south of Elverta Road to Dry Creek.

* Sub-area VII - The area bounded by Dry Creek upstream
of the Rio Linda/ Marysville Road to the Sacramento/Placer County
Line.
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- North Sacramento. -

* Sub-area VIII -American River Drive - The area
bounded by Fair Oaks on the north, high ground to the east, Watt
Avenue on the west, and the American River to the south.

* Sub-area IX - Cal Expo East - The area bounded by El
Camino Avenue on the north, Watt Avenue on the east, the levee
west and north of the race track, and Ethan Way from Arden Way to
El Camino Avenue on the west, and the American River on the south.

* Sub-area X - North Sacramento - The area bounded by
Arcade Creek on the north, Ethan Way and Cal Expo race track levee
on the east, Natomas East Main Drainage Canal on the west, and the
American River on the south.

- Rancho Cordova. -

* Sub-area XI - Rancho Cordova - The area bounded by US
Highway 50 on the north, Bradshaw Road on the east, Sunrise
Boulevard on the west, and the American River on the south.

* Sub-area XII - Gold River - The area bounded by Keifer
Boulevard on the north and Sunrise Boulevard on the east.

- South Sacramento. -

* Sub-area XIII -Old Downtown - The area bounded by
Broadway on the north, the McKinley Park area on the east, west to
the Sacramento River, and the American River on the south.

* Sub-area XIV - Executive Airport Meadowview - The area
bounded by the levee north of the airport to Morrison Creek, the
Union Pacific Railroad tracks and Freeport Boulevard, and the
boundary of South Sacramento.

* Sub-area XV - South Sacramento - The area bounded by
Broadway to the Executive Airport levee on the north, flood limits
boundary, and the Sacramento River on the west.

* Sub-area XVI - South East Sacramento - The area
bounded between the Southern Pacific Railroad and the Union
Pacific Railroad, then a line running from a junction at J Street
and Elvas to Highway 99 and Fruitridge Road and then along
Fruitridge Road to Union Pacific Railroad, southern boundary
Laguna Creek Drainage.

* Sub-area XVII - Army Depot - The area bounded by the
Southern Pacific Railroad on the east and south of Highway 16.

* Sub-area XVIII - East Sacramento - The area bounded by
the American River on the north, then along Bradshaw to the east,
southern boundary Southern Pacific from Business 80 to US Highway
50, and then the railroad line to Florin Perkins and Highway 16.
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* Sub-area XXI - Pocket Area - The area bounded by the
levee south of Fruitridge to (former) Southern Pacific tracks and
then north along tracks to the River, Freeport Boulevard to the
east, and the Sacramento River on the west.

- Richards Boulevard. -

* Sub-area XXII - Richards Boulevard - The area bounded
by the American River to the north, Highway 80 to the east, the
Sacramento River to the west, and the Southern Pacific Railroad
tracks to the south.

The 400-year flood plain includes areas in Sacramento city
and Sacramento, Placer, and Sutter Counties. Table 111-3 shows
population projections and estimated acres per reach for the
400-year flood plain. Population data were taken from Corps'
inventory of residential structures and compared with SACOG
(Sacramento Area Council of Governments) growth projections
(January 1988).

Once levees fail, regardless of the frequency, the flooded
areas would be similar in the Natomas, Downtown Sacramento, and,
to some extent, North Sacramento because (1) the ground elevation
adjacent to the levees in these locations is low in comparison to
the water surface in the river and (2) the volume of runoff
available in the American River (and Sacramento River in the case

* of Natomas and Downtown) would fill the flood plains. However,
for Dry Creek, South Sacramento, and Rancho Cordova, the areas of
flooding would expand as a function of flow diverted from the
American River, depending on the stage in the river.

Flooding in Natomas can be influenced by flows and stages in
the Sacramento River and failure of levees upstream on the
Sacramento River and along the Feather River. Any levee failure
on the Natomas Cross Canal would permit flow from the Sacramento
River to enter the Natomas area by way of the canal. In addition,
runoff entering the Natomas Cross Canal from the east would also
flow through the breach and is a function of breach size, flood
stage and duration of floodflows in the Sacramento River, direct
runoff into the Pleasant Grove area, and other factors. If there
are several days or more of high flood stages in the Sacramento
River after a breach has occurred, it would likely be sufficient
to flood the entire Natomas area to significant flood depths. In
both cases, the levee embankment heights range from 15 to 20 feet
higher than the surrounding land surface.
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TABLE 111-3

AMERICAN RIVER WATERSHED
ESTIMATED POPULATION AND AREA

1990 Area
Area Population 1/ (Acres)

Natomas 31,100 54,900

Dry Creek 2,500 5,800

North Sacramento 54,950 5,900

Rancho Cordova 18,900 4,200

South Sacramento 278,500 44,000

Richards Blvd. 550 1,000

Total 386,500 115,800

1/ Population in the 100-year and the 400-year flood plains
(excluding Upper American River) are 366,500 and 386,500.
Source: Population and Housing Data by Community Plan Area,
City of Sacramento, Feb. 1990; SACOG, Jan. 1988.
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(4) Flood Event Frequency. - Important to the
inundation reduction analysis is the estimate of flow-stage as a
function of flood frequency, (Plates C-I through C-3). Using the
"Damages" computer program, a maximum of 10 data entry points
defines each flow-frequency or stage-frequency relationship for
without- and with-project alternatives. It is important that the
points chosen accurately delineate these relationships. Table
111-4 shows information taken from the levee failure analysis and
flow/stage frequency relationships under various conditions
(existing and several with-project alternatives) for the six major
flood plains. The first entry in each column for a particular
flood plain is the estimated non-damaging point.

c. Flood Plain Inventory. - Flood plain structures were
inventoried in 1989. Essentially, two steps were performed in
this inventory: (1) estimates of the number and size of physical
units and (2) assessments of existing and future replacement cost
of units. By means of field surveys, aerial photography, and
analysis of available data, the number and size of physical units
in the flood plain were determined by hazard zones (100-year and
400-year flood plain delineations) for each land use category.
Land use within the sub-reaches is composed of the following:
residential (single-family, multiple-family, and mobile homes),
commercial, industrial, public, and agriculture.

The residential structures were inventoried first by
* indicating the flood plains on 1"=400' aerial photographs.

Residential acreage were then measured from the photographs and
separated into similar construction types. Field checks were
accomplished of the acreage estimates to determine if the
structures were one or two stories. According to the Sacramento
County Assessor's office, the structure values used in this
analysis take into account depreciation and are representative of
replacement cost less depreciation for the Sacramento area. It
should be noted that replacement cost less depreciation shall be
referred to as replacement cost. The replacement costs for
existing structures within the flood plain came from various
sources: personal interviews, telephone conversations, SACOG data,
realtors, and the Marshall & Swift appraisal handbook.

Realtors were contacted for a price range of dwelling units
in the designated blocked areas. The residential units within a
given blocked area were assigned an average replacement cost for
each structure. The average structure replacement costs were then
compared to estimates from the Marshall & Swift appraisal
handbook. Replacement costs of the contents of a structure were
estimated as a percent of structure replacement cost for
residential, commercial, and public structures. The replacement
costs for industrial structures and contents were determined by
personal interviews.
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There are approximately 168,000 structures with a replacement
* cost of about $37 billion within the 400-year flood plain.

Existing and futures units for each area by land use category are
presented in Table 111-5. The value of property by type of
structure is shown in Table 111-6. The value for commercial and
industrial properties includes replacement cost of the structure,
inventory on hand, and value of fixtures and equipment.
Replacement cost of residential and public and semi-public
property includes structure and content values.

Approximately 7,560 acres of vacant and agricultural land in
the 400-year flood plain are subject to development. Estimates of
future land use are based on projected population growth, the City
and County of Sacramento General Plans, and the availability of
land to accommodate this growth. All future growth within the
flood plain area is estimated to take place by the year 2010.

d. Without-Project Flood Damages

(1) Categories. - Flood damages are estimated by
relating damages to flood depths, flows, and frequencies of
flooding. Damages are determined for the following categories:

- Industrial Damages. - Facilities that take raw materials
and manufacture or fabricate commodities were classified as
industrial. Losses and destruction of industrial properties from
inundation consist of three categories: (1) fixtures and

* equipment; (2) inventory; and (3) structure.

- Commercial Damages. - Commercial damages were computed by
using the structure value and content value, which includes
equipment and furniture, supplies, merchandise, and other items
used in the conduct of business.

- Residential Damages. - Residential damages were comprised
of two separate categories: (1) physical damages to dwelling units
(single-family, multiple-family, and mobile homes) and (2) damages
to residential contents, including household items and personal
property.

Based on discussions with Sacramento area insurance agents,
the value of contents is equal to 50 percent of the replacement
cost less depreciation of the structure. Benefits were not
estimated for the projected increase in household content value
(affluence).

- Public Damages. - The tangible damages associated with
inundation to hospitals; churches; libraries; schools; Federal,
State, and local government facilities, (including equipment and
furnishings); parks; roads; bridges; and highway structures.

- Agricultural Damages. - Agricultural damages were estimated
for non-crop losses which include damages to farm buildings and

* their contents. Agricultural damages to crops were not considered
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TABLE 111-5

Existing and Future Number of Structures

400-Year Flood Plain
(Existing)

AREA 1989 1992 2000 2010* 2100
Natomas

Residential 13,516 14,025 14,025 14,025 14,025
Commercial 197 563 563 563 563
Industrial 7 17 17 17 17
Public 10 10 10 10 10

ISubtotal. 13,730 14,615 14,615 14,615 14,615
Dry Creek

Residential 1,000 1,000 1,000 1,000 1,000
Commercial 41 41 41 41 41
Industrial 9 9 9 9 9
Public 6 6 6 6 6

Subtotal ý1,056 1,056: 1,056 1,056 1,f056
North Sacramento

Residential 21,980 22,095 22,788 22,788 22,788
Commercial 973 999 1,103 1,103 1,103
Industrial 18 28 68 68 68
Public 226 226 228 228 228

Subtotal 23,197 23,348 24,187 24,187 24,187
Rancho Cordova

Residential 7,563 9,322 9,322 9,322 9,322
Commercial 207 488 488 488 488
Industrial 20 38 250 250 250
Public 9 9 9 9 9

Subtotal 7,799 9,857 10,069 10,069 10,069
South Sacramento

Residential 118,000 122,421 134,210 148,947 148,947
Commercial 2,649 2,723 2,920 3,166 3,166
industrial 87 169 387 661 661
Public 784 813 891 988 988

Subtotal 121,520 126,126 138,408 153 762
Richards Blvd.

Residential 231 231 231 231 231
Commercial 215 215 215 215 215
Industrial 21 21 21 21 21
Public 43 43 43 43 43

Subtotal 510 510 510: 510 510

Total 187,81 172 4 188845 204±199 204M199
* Growth is assumed to remain constant after the year 2010.
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TABLE 111-6
Structural Values Existing Conditions 1/

400-Year Flood Plain
($millions)

Residential
REACH Residential Content Commercial Industrial Public

Natomas 1,000 499 743 5 104

Dry Creek 64 31 37 15 10

North
Sacramento 3,328 1,663 2,016 18 2900
Rancho
Cordova 1,011 506 440 52 13

South
Sacramento 11,545 5,772 5,276 302 1,961

Richards BI. 9 5 406 24 42

Total 16,957 8,476 8,918 416 2,420

1/ 1989 conditions, 1991 prices.

0
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in this analysis. Natomas is approximately 50,000 acres and is
the predominant area within the flood plain where agricultural
crops are grown. Both South Natomas and North Natomas are within
this area and are currently undergoing rapid residential,
commercial, and industrial development in accordance with there
corresponding general plans. The economic evaluation for the
Reconnainance Report, American River Watershed Investigation,
January 1988, indicated that the benefits attributable to
agricultural crops were less than 1/2 of 1 percent. As a result,
flood damage reduction benefits were not estimated for
agricultural crops.

- Emercgency Costs. - Additional costs are incurred during
flood emergencies for evacuation and reoccupation; flood fighting;
disaster relief; and extra duty police, fire, and military
protection. These costs are called emergency costs.

- Auto Damages. - Auto damages were divided into two
categories: (1) Damages to autos located at private homes and (2)
Damages to autos located at car dealership lots.

(2) Depth-damage Relationship. - Depth-damage
relationships describe the probable damages that would occur under
different depths of flooding conditions, either as a percentage of
the total value of damageable property or in the probable loss
expected, as shown in Table 111-7. The 1988 Federal Insurance
Administration (FIA) depth-damage relationships were used for
residential and public structures. Damage surveys conducted
immediately after the February 1986 rainstorms of flood damaged
structures along Dry Creek in Roseville, California, confirmed the
reasonableness of these 1988 FIA depth-damage relationships.

The depth-damage relationships developed by the Tennessee
Valley Authority (TVA) for the Department of Housing and Urban
Development (HUD) in December 1969, Small Business Research for
Flood Insurance Rate-Setting, were used in estimating damages to
commercial structures. For the Morrison Creek Investigation,
interviews with owners and/or managers of commercial buildings
established depth-percent damage relationships that are very
similar to those in the aforementioned HUD study. Portions of the
floodplains for the Morrison Creek Investigation are included in
the floodplains for the American River Watershed Investigation.
Structures in the Morrison Creek and American River areas are
comparable in there type of construction and use. Therefore, it
is felt that the HUD depth-percent damage relationships are
acceptable and reflect actual damage information.

Industrial structures were grouped into four categories: food
and food related, construction, auto/machinery, and miscellaneous.
Field interviews with managers of industrial structures identified
specific uses, values of inventories and equipment, and estimates
of extent of damages for various levels of water inside their
buildings. Other factors considered in the flood damage analysis
were velocity and duration of flood waters.
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For the Natomas reach, duration is 30 days, and the average
velocity is less than 0.5 feet per second. Duration has a
significant effect on flood damages for this area. Damages to
structure and content for each land use category were set at 100
percent for depths greater that 13 feet. For the remaining
reaches in the flood plain, duration is less than 5 days, and the
average velocities range from 0.5 to 5 feet per second. Neither
duration nor velocity had any significant effect on damages.

(3) Damage-flow Relationship. - Damage-flow
relationships describe the probable damages expected at various
frequencies. They are derived by estimating the probable flood
damages of several hypothetical floods. Intermediate damage
points are interpolated from these estimates by using standard
mathematical-integration techniques. The probable flood damages
that would result from a particular flow are estimated by
describing the flood plain area associated with that flow,
inventorying this area by damage category and depth of flooding,
and applying the appropriate depth-damage relationships for each
category. Probable damages were determined for two flood events
in each sub-area. These damages, shown in Table 111-8, represent
damages for the 100- and 400-year events for existing development.

(4) Average Annual Damages. - Due to the resources
available, both the Structure Inventory for Damage Analysis (SID)
computer program and the Damages computer program were used to
assist in estimating average annual equivalent damages and
benefits. With the assistance of the Corps Hydrologic Engineering
Center, the inventory of structures located within the 400-year
flood plain was entered into the SID program to develop
elevation-damage functions by damage category and by reach.
Elevation-damage relationships from the SID program were input
into the Damages program. Several utility programs were written
to obtain the necessary data for the Damages program. From this
data, the Damages program derived the damage-frequency
relationships and estimated average annual damages and benefits.

Average annual damages are the expected value of damages for
a given economic condition and point in time. They are determined
by weighing the estimated damages from varying degrees of flooding
by their probability of occurrence and may be approximated by
measuring the area under the damage-frequency curve using standard
mathematical integration procedures.

Table 111-9 shows the average annual damages without a
project for 1989, the base year, and annually throughout the study
period. Average annual equivalent damages for the period
2000-2100 were estimated on the basis of an 8-3/4 percent interest
level and October 1991 prices, using standard discounting
procedures.

e. With-Project Flood Damage.- With-project flood
damages are computed similarly to without-project as described
above. Under with-project conditions, however, the river flows,
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TABLE 111-8

Without Project Flood Damage For Selected Events 1/
($Millions)

S REACH 400 year 100 year Non-Damaging

Natomas 70 year

Residential 1,034.74 748.08 -

Commercial 505.54 349.96 -

Industrial 2.73 1.85 -

Public 49.18 36.36 -

Emergency 33.62 20.32 -

Auto 65.01 38.90 -

Dry Creek 5 year

Residential 24.42 22.21 -

Commercial 17.02 16.05 -

Industrial 5.26 5.05 -

Public 3.44 3.33 -

Emergency 0.10 0.09 -

Auto 2.88 1.75 -

North Sacramento 70 year

Residential 2,111.06 1,470.05 -

Commercial 1,050.30 493.58 -

Industrial 10.70 0.39 -

Public 110.77 40.30 -

Emergency 5.72 2.77 -

Auto 118.79 101.33 -

Rancho Cordova 69 year
Residential 605.51 60.17 -

Commercial 151.95 1.06 -

Industrial 16.52 0.00 -

Public 3.43 0.00 -

Emergency 0.72 0.10 -

Auto 25.86 5.51 -

South Sacramento 70 year
Residential 6,805.70 3,937.56 -

Commercial 2,131.00 836.00 -

Industrial 131.00 39.00 -

Public 570.00 302.00 -

Emergency 10.25 7.87 -

Auto 455.00 168.00 -

Richards Blvd. 82 year

Residential 6.41 6.41 -

Commercial 267.55 259.68 -

Industrial 15.39 15.28 -

Public 19.14 18.97 -

Emergency 0.03 0.01 -

Auto 6.80 1.36 -

STOTAL 16,373.54 9,011.35

1/ October 1991 price levels.
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TABLE 111-9

AVERAGE ANNUAL WITHOUT PROJECT DAMAGES 1/
(s o000)

A vg.Annual Equiv.

1989 2000 2010 2100 @ 8-3149b interest
NATOMAS

Residential 12,213 12,213 12,213 12,213 12,213

Commercial 5.834 6,128 6,128 6,128 6,128

Mobile Home 30 30 30 30 30

Industrial 31 31 31 31 31

Public 590 590 590 590 590

Emergency 360 360 360 360 360

Auto damage 692 692 692 692 692

Subtotal 19,750 20,044 20,044 20,044 20,044

DRY CREEK
Residential 739 739 739 739 739

Commercial 612 612 612 612 612
Mobile Home 0 0 0 0 0

Industrial 431 431 431 431 431

Public 160 160 160 160 160

Emergency 1 1 1 1 1

Auto damage 102 102 102 102 102

Subtotal 2,045 2,045 2,045 2,045 2,045

NORTH SACRAMENTO
Residential 25,070 25,570 25,570 25.570 25,570

Commercial 10,750 i2.310 12,310 12,310 12,310

Mobile Home 0 0 0 0 0

Industrial 70 160 160 160 160

Public 1,040 1,040 1,040 1,040 1,040

Emergency 60 60 60 60 60

Auto damage 1.430 1.430 1 1.430 1.430

Subtotal 38,420 40,570 40,570 40.570 40,570
RANCHO CORDOVA

Residential 3,627 4,461 4,461 4,461 4,461

Commercial 770 831 831 831 831
Mobile Hbme 39 39 39 39 39

Industrial1  81 81 81 81 81

Public 18 18 18 18 18
Emergen~y 4 4 4 4 4

Auto dam ge 169 169 169 169 169

Subtotal 4,708 5,603 5,603 5.603 5,603

SOUTH SACRAMENTO
Residential 66.730 76,532 76.532 76,532 76,532

Commercial 19,000 23,100 23,100 23,100 23,100

Mobile Home 900 900 900 900 900

Industrial 1,000 5,000 8,100 8,100 8,100

Public 5.800 5,800 5.800 5.800 5.800

Emergency 113 113 113 113 113

Auto damage 4,000 4,000 4,000 4,000 4,000

Subtotal 97.543 115,445 118.545 118,545 118,545
RICHARDS BLVD

Residential 78 78 78 78 78

Commercial 3.275 3.275 3,275 3,275 3,275

Mobile Home 0 0 0 0 0

Industrial 191 191 191 191 191

Public 237 237 237 237 237

Emergency 0 0 0 0 0

Auto damage 51 51 51 51 51

Subtotal 3.832 3.832 3.832 3.832 3.832

TOTAL 166.298 187,539 190.639 190.639 190.639

1/1989 conditions, 1991 prices, 8-3/4% interest.
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stages, levee failure, and resulting flooding are influenced by
the various projects being considered. Various flood protection
projects were evaluated. Five are presented below. They include
full basin protection from the 100-, 150-, 200-, 400-, and
500-year floods. Average annual equivalent damages for each of
the with-project alternatives and the without-project conditions
are summarized in Table III-10.

Table III-11 shows the average annual damages with the
project for the selected plan (200-year full basin level of flood
protection). The aforementioned table lists data by damage
category for 1989, the base year, and annually throughout the
study period.

f. Benefit Evaluation. - Benefits that accrue from the
evaluation of flood control projects include inundation reduction
benefits, savings in flood proofing costs, location benefits,
advance bridge replacement benefits, and savings in flood
insurance administration costs.

(1) Inundation Reduction Benefits.- Inundation
reduction benefits were estimated by evaluating damages with and
without a project. The flood damage reduction benefits for each
alternative level of protection are the difference between the
equivalent average annual flood losses without the project and the
residual average annual losses with the project. Economic

* criteria and projections used in arriving at the benefit estimates
encompass recent evaluation guidelines (ER 1105-2-100) and the
Flood Disaster Protection Act of 1973. A summary of the
inundation reduction benefits (including emergency costs) by reach
is presented in Table 111-12. Plates C-7 through C-12 show the
flow-frequency, flow-damage, and damage-frequency relationships
under without project conditions for the Natomas, Dry Creek,
Rancho Cordova, Richards Blvd., North Sacramento, and South
Sacramento reaches.

Natomas is the only reach where flood damages would exceed 50
percent of the market value of the structure. Due to a flood
duration of 30 days and depths of flooding in excess of 13 feet,
depth-percent damage curves for all structures and contents
reached 100 percent damage. FEMA has indicated that any repair,
reconstruction, or improvement of a structure that has flood
damages equal to or exceeding 50 percent of the market value of
the structure must be flood proofed to the 100-year level of
protection.

The average annual benefits for Natomas were estimated using
two techniques. In the first, average annual benefits were
estimated using traditional Corps of Engineers methods. This
method used flow-frequency, flow-damage, and damage-frequency
relationships under without- and with-project conditions. Using
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TABLE 111-10
Average Annual Equivalent Damages 1/

($1,000)

Full Basin
With-Project Residual Damages

1 00yr
Reach W/O Proj FEMA 150yr 200yr 400yr 500yr

Natomas 20,040.0 13,460.0 8,740.0 5,430.0 2,810.0 2,290.0

Dry Creek 2,040.0 1,020.0 840.0 780.0 700.0 690.0

North Sacto. 40,570.0 29,770.0 17,360.0 11,800.0 5,680.0 4,380.0

Rancho Cordova 5,600.0 4,630.0 3,820.0 2,180.0 990.0 810.0 0
South Sacto. 118,540.0 87,170.0 56,740.0 35,370.0 16,550.0 12,770.0

Richards Blvd. 3,830.0 2,890.0 1,670.0 1,050.0 490.0 490.0

Total 190,620.0 138,940.0 89,170.0 56,610.0 27,220.0 21,430.0

1/ 8-3/4% Interest Rate, October 1991 Prices, 100 year project life.
Figures rounded to the nearest ten thousand.

0
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TABLE I1-11
200-Year Flood Plain

With Project Damages For The Selected Plan 1/

($1,000)

1989 2000 2010 2100 @ 8-3/4% interest
NATOMAS
Residential 3,250 3,250 3,250 3,250 3,250
Commercial 1,570 1,720 1,720 1,720 1,720
Industrial 10 10 10 10 10
Public 150 150 150 150 150
Emergency 100 100 100 100 100
Auto damage 200 200 200 200 200

Subtotal 5,280 5,430 5,430 5,430 5,430
DRY CREEK

Residential 270 270 270 270 270
Commercial 230 230 230 230 230
Industrial 180 180 180 180 180
Public 60 60 60 60 60
Emergency 0 0 0 0 0
Auto damage 40 40 40 40 40

Subtotal 780 780 780 780 780
NORTH SACRAMENTO
Residential 7,140 7,290 7,290 7,290 7,290
Commercial 3,240 3,710 3,710 3,710 3,710
Industrial 20 50 50 50 50
Public 320 320 320 320 320
Emergency 20 20 20 20 20
Auto damage 410 410 410 410 410

Subtotal 11,150 11,800 11,800 11,800 11,800
RANCHO CORDOVA
Residential 1,400 1,720 1,720 1,720 1,720
Commercial 330 360 360 360 360
Industrial 30 30 30 30 30
Public 10 10 10 10 10
Emergency 0 0 0 0 0
Auto damage 60 60 60 60 60

Subtotal 1,830 2,180 2,180 2,180 2,180
SOUTH SACRAMENTO
Residential 19,740 22,940 22,940 22,940 22,940
Commercial 6,000 7,000 7,000 7,000 7,000
Industrial 0 2,000 3,000 3,000 2,500
Public 1,700 1,700 1,700 1,700 1,700
Emergency 30 30 30 30 30
Auto damage 1.200 1200 1.200 1,200 1,200
Subtotal 28,670 34,870 35,870 35,870 35,370
RICHARDS BLVD
Residential 20 20 20 20 20
Commercial 900 900 900 900 900
Industrial 50 50 50 50 50
Public 60 60 60 60 60
Emergency 0 0 0 0 0
Auto damage 20 20 20 20 20
Subtotal 1,050 1,050 1,050 1,050 1,050

TOTAL 48,760 56,110 57,110 57,110 56,610
1/1989 conditions, 1991 prices, 8-3/4% interest.

"Figures rounded to the nearest ten thousand.
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TABLE 111-12
Full Basin Alternative

Average Annual Inundation Reduction Benefits 1/
($1,000)

Levels of Protection

100yr

Reach FEMA 150yr 200yr 400yr 500yr

Natomas 6,580.0 11,300.0 14,610.0 17,230.0 17,750.0

Dry Creek 1,020.0 1,200.0 1,260.0 1,340.0 1,350.0

North Sacto. 10,800.0 23,210.0 28,770.0 34,890.0 36,190.0

Rancho Cordova 970.0 1,780.0 3,420.0 4,610.0 4,790.0

South Sacto. 31,370.0 61,800.0 83,170.0 101,990.0 105,770.0

Richards Blvd. 940.0 2,160.0 2,780.0 3,340.0 3,340.0

Total 51,680.0 101,450.0 134,010.0 163,400.0 169,190.0

1/ 8-3/4% Interest Rate, October 1991 prices, 100-year project life.
Figures rounded to the nearest ten thousand.

0
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this method, the average annual benefits for the Natomas reach
totaled $14.6 million for the plan with 200-year protection (see
Table 111-12).

In the second analysis, the cost of buying the damaged
structures and discounting the cost over the life of the project
is the alternate method of estimating average annual benefits.
This analysis is considered a test on the flood damage reduction
computation. In it, since flood damages are very likely to be in
excess of 50 percent of the market value of the structure, it is
assumed the Federal Government would purchase the homes rather
than repair them after each major flood event. Under existing
conditions, there are 13,730 structures in Natomas, valued at $1.5
billion that would need to be purchased. Multiplying $1.5 billion
by the capital recovery factor (8-3/4% and 100-year life) of
.08752 equals $131.3 million in average annual benefits. In
comparing these two methods, the lessor or $13.6 million is the
average annual benefit attributable to the Natomas reach.

Based upon the levee failure assumptions discussed earlier in
this appendix, freeboard benefits were estimated for the Natomas
area only. The freeboard benefits in the Natomas area were
estimated by failing the levee one-half of the distance between
the top and bottom of freeboard. For the five other reaches,
freeboard benefits were not estimated due to geotechnical
considerations. The geotechnical analysis failed the levees at
the same stage with different frequencies of occurrence for
without and with project conditions. In all cases, these failure
paths were into the freeboard of the levees.

(2) Savings in Flood Proofing.- The Flood Disaster
Protection Act of 1973 (Public Law 93-234) requires that
communities having flood prone areas participate in the National
Flood Insurance Program. Participation in the regular flood
insurance program requires local adoption and certification by the
FIA of land use regulations that would require, as a minimum, that
all new residential and non-residential structures have their
first floors elevated to the 100-year flood elevation.

Table 111-13 lists the number of future units by decade, the
depth of flood proofing needed, and the costs associated with the
types of flood proofing. Flood proofing costs that would be
incurred prior to project completion are not considered as a
structural benefit. Based on an 8-3/4 percent interest rate, the
average annual equivalent costs of the nonstructural measures are
estimated to be $170,000 for the 2000-2100 period.

(3) Location Benefits.- The location benefit
analysis is based on the following assumptions: 1) the extension
of the FEMA moratorium from 1992 to 2000; 2) the land use as
explained in the Land Use Appendix; 3) the Flood Disaster
Protection Act of 1973; and 4) Section 308 of the Water Resources
Development Act of 1990.
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Table 111-13 0
Flood Proofing Units and Costs 1/ 2/

Units
Raise by Cost Per Unit
feet ($) 31 2010 2020 2100

Residential 3.0 9,930 2653 0 0
1,600 sq.ft. 2.5 7,920 5747 0 0

1.5 7,920 6337 0 0

Commercial 6.1 7,370 246 0 0
22,000 sq.ft.

Industrial 3.0 4,070 274 0 0
27,000 sq.ft.

0

1/ Flood proofing would be required to the project base year
2000, and the cost of such flood proofing is not considered
as a project benefit.

2/ No development is projected beyond 2010.

3/1991 price levels.

C
C - 30



The land use analysis indicated that there are significant
differences in land development for the Natomas area under
without- and with-project conditions. Table 111-14 shows the
projected development of location acreage over the period
2000-2100. The location acreage is the difference between the
without-project and with-project land use projections for the
South Natomas and North Natomas areas. Maps showing the without
project and with project land uses are shown in the Land Use
Appendix. The land use projections are in conformance with the
General Plan of the City of Sacramento, which does not forecast
land use beyond 2010. These land use projections are discussed in
greater detail in the Land Use Appendix. The maximum number of
location acres are 7,283.

TABLE 111-14
LOCATION ACRES

Area 2000 2010 2020-2100

South Natomas 635 1,055 1,055

North Natomas 2,549 6,228 6,228

* Total 3,184 7,283 7,283

The year 2000 is the first year of project life for the
proposed flood control project. No acreage can be claimed prior
to the year 2000 for locational advantage. This is consistent
with both the Flood Disaster Protection Act of 1973 and Section
308 of the Water Resources Development Act of 1990 which requires
not to include in the benefit base any new or substantially
improved structures built in the 100-year flood plain with a first
floor elevation less than the 100-year flood elevation after July
1, 1991. Based upon this information, the change in location
acreage is shown in Table 111-15. The change in location acreage
between the year 2000 and 2010 is 4099 acres.
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TABLE 111-15

THE CHANGE IN LOCATION ACREAGE

Area 2000 2010 2020-2100

South Natomas 0 420 0

North Natomas 0 3,679 0

Total 0 4,099 0

With the proposed flood control project, a minimum of
200-year flood protection would be provided and development would
continue to occur in South Natomas and North Natomas. Without the
proposed flood control project, development would stop in South
Natomas and North Natomas for failure to meet FEMA flood control
requirements. This development would be transferred to other
locations in the Sacramento Metropolitan area.

The market value method was used to estimate location
benefits in South Natomas and North Natomas. Caution must be
exercised in estimating without- and with-project land values.
The County Assessor's Office, private real estate appraisers, and
private developers were contacted to determine a viable market
value for raw land under without- and with-project conditions.

Under the with-project condition, the market value of raw
land is higher in South Natomas than North Natomas. A significant
portion of South Natomas is highly developed. With the exception
of a small commercial-industrial strip parallel to Interstate 80,
North Natomas is substantially less developed with significant
acreage in agricultural production. On the average,
commercial-industrial land in South Natomas is selling for $5 per
square foot or $220,000 per acre. Development costs for the
installation of infrastructure is $1 per square foot or $43,500
per acre. The market value of an acre of commercial-industrial
land, excluding development cost, is $176,500 per acre. The
average price paid for raw land in North Natomas is between
$40,000 and $ 100,000 per acre. The arithmetic mean of this range
is $70,000 per acre. Table 111-16 shows the market value of lands
in South Natomas and North Natomas.

It is felt that the aforementioned market values for raw land
are reasonable. Recent real estate sales information for South
Natomas and North Natomas show a wide range in the purchasing
price for land. In April 1988, 1.89 acres of land sold for
$393,000 per acre. In September 1989, 1.85 acres sold for
$281,000 per acre. Both of these sales were for 0
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commercial-industrial land in South Natomas and include some part
of the development costs. The prices paid for
commercial-industrial land in North Natomas with immediate access
to Interstate 80 are equal in magnitude to those in South Natomas.
For example, 1.62 acres of land zoned for commercial development
sold for $250,000 per acre in 1987. However, as one proceeds
north, prices paid for land in North Natomas decline due to the
predominance of agricultural and/or open spaced land. In 1985,
257 acres of agricultural land in the northern extremities of
North Natomas sold for $48,000 per acre. Two conclusions appear
to be true. First, the higher the price paid for an acre of land,
the smaller the number of acres purchased. This is particularly
true for areas which are highly urbanized. Secondly, the further
the land is away from the urban area, the lower the price paid for
an acre of land. Based upon these factors, the market values for
an acre of land shown in Table 111-16 are representative for
residential and commercial-industrial land use categories.

Under the without-project condition, deVelopment in South
Natomas and North Natomas would stop. This development would be
transferred to other locations in the Sacramento Metropolitan area
where development would not be constrained. One such area is
geographically located from the Sacramento Army Depot to Elk
Grove. Another area is located near the intersection of U.S.
Highway 50 and Sunrise Boulevard to Elk Grove. Consultation with
the County Assessors Office, private appraisers, and private

* developers indicated that the market value for land in South
Natomas and North Natomas is higher than the market value of
comparable land in any of these alternative areas within the
Sacramento Metropolitan area. Table 111-16 shows the market
values for residential and commercial-industrial lands for these
areas. Two values were estimated: one for a more densely
urbanized alternate site (comparable to South Natomas) and the
other for a less urbanized alternative site on the immediate
fringe of the urban area (comparable to North Natomas). It is
felt that the environmental impacts of developing land in South
Natomas and North Natomas would not be different from the
environmental impacts of developing lands in these other areas.
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TABLE 111-16
MARKET VALUE OF RAW LAND

Market Value Market Value
With Without

Development Development Development

Cost Cost Cost
Per Acre Per Acre Per Acre

South Natomas

Residential $175,000 -$43,500 $131,500
Commercial-
Industrial 220,000. 43,500: 176,500,

North Natomas

Residential 113,500 43,500 70,000W

Commercial-,.
Industrial 113,500 43,500 70,000

More Urbanized
Alternative Site

Residential 131,000. 43,500 87,500

Commercial-
Industrial 174,000 43,500 130,500

Less Urbanized
Alternative Site

Residential ý103,500 43,500 60,000ý'
Commercial-
Industrial 103,500 43,500 60,000.
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TABLE 111-21
MARKET VALUE METHOD

LOCATION BENEFITS

Average
Present Worth Residual Annual
Difference In Flood Equivalent

Alternative Market Value Damage Benefits

100-YR FEMA $39,000,000 $27,000,000 $12,000,000

100-YR 39,000,000 27,000,000 12,000,000

* 150-YR 39,000,000 15,000,000 24,o00,000

200-YR 39,000,000 11,000,000 28,000,000

400-YR 39,000,000 5,000,000 34,000,000

500-YR 39,000,000 4,000,000 35,000,000

0
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Tables 111-17, 111-18, 111-19, 111-20, and 111-21 show the
market value method of estimating location benefits. The residual 0
flood damages had structures been built on these location acres is
subtracted from the market value to determine the benefits in
Table 111-21. These aforementioned five tables must be reviewed
as a whole in understanding the technique used to estimate
location benefits.

Current guidance indicates a limitation on location benefits.
The limitation is to take the lesser of either the expected flood
damages that the new activity would have if it had been built in
the flood plain or the costs of fill. The use of fill over 4099
acres at depths of 13 feet or more is not a practical approach.
The appearance of new structures corresponding with future growth
would be elevated on 13 feet of fill while those structures
associated with existing development would not be on fill and this
would have aesthetic limitations. During flood stages, the
displacement of flood water from these structures constructed on
fill may cause higher residual flood damages to existing
structures. The cost of fill over the aforementioned acreage and
depth would be prohibitive.

The location benefits should not account for a change in land
use productivity beyond the reduction in expected flood losses.
Based on land use densities and local zoning ordinances, the
number of structures were determined and the resulting flood
damages were estimated. In this case the expected flood damages
in Table 111-22 are lower than the benefits estimated with the
market value method displayed in Table 111-21. Therefore, the
expected flood damages in Table 111-22 are the location benefits.

Projects that provide location benefits of tremendously large
magnitude to a few beneficiaries are subject to special
cost-sharing provisions. This type of locational advantage is a
windfall to a few landowners who may gain financially from the
Federal project. In the roughly 55,000 acres in Natomas basin,
there are currently 13,500 residential structures. The population
is estimated at over 34,000 people and growing.

The 1988-89 assessor's rolls for Sacramento and Sutter
Counties were evaluated for land ownership in South Natomas and
North Natomas. The specific location of the 4,099 acres (Table
111-15) is not known. However, the location of the original 7,283
acres (Table 111-14) is known. Therefore, the analysis of land
ownership must be limited to these acres. Figure III-1 shows the
number of landowners who own land parcels in excess of 5 acres.
Of the 7,283 locations acres, 59 landowners hold more than 5 acres
of land. The largest holding of land by a single owner is
approximately 1,026 acres. Six landowners own between 400 and 500
acres. In the future, these properties will eventually be broken
into smaller parcels. Even though there may be a few property
owners who may at some time benefit financially from a Federal
project in Natomas, there are many more people who would only
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TABLE 111-22
EXPECTED FLOOD DAMAGES

Average
Without With Annual
Project Project Equivalent

Alternative Damages Damages Benefits

100-YR FEMA $35,000,000 $27,000,000 $8,000,000

100-YR 35,000,000 27,000,000 8,000,000

150-YR 35,000,000 15,000,000 20,000,000

200-YR 35,000,000 11,000,000 24,000,000

400-YR 35,000,000 5,000,000 30,000,000

500-YR 35,000,000 4,000,000 31,000,000

0
C - 41



0
FIGURE Iii-1
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benefit from the flood protection. Accordingly, it is believed
that special cost sharing due to locational advantages is not

0 appropriate for Natomas.

The development of South Natomas and North Natomas have
specific locational advantages over other alternative areas in the
Sacramento Metropolitan area. South Natomas and North Natomas are
approximately 4 miles and 7 miles from downtown Sacramento.
Residents have short commute distances to jobs in the downtown
area. Interstate Highways 5 and 80 provides excellent access for
residents and commercial-industrial companies. Cultural and
entertainment opportunities in the downtown area as well as easy
extension of mass transit from downtown to the Natomas area is a
major advantage.

With the FEMA moratorium, there are limitations to the
development of the alternative areas. Development could possibly
be curtailed in foothill areas where limitations already exist on
water supply and sewage treatment. Since these alternative sites
are more distant from the downtown area, increased traffic on
existing roads and highways would impact current air quality
standards in the region. Commuters would add substantially to
their daily travel times as they drive to their jobs in downtown
Sacramento. These limitations could be mitigated by providing
additional flood protection to the Natomas area so that
development could occur.

(4) Advance BridQe Replacement Benefits.- Advance
bridge replacement benefits are calculated as that portion of the
annual cost of a bridge replaced as a project feature from the
time the existing bridge's economic life ends until the end of the
project life. Bridges that are to be replaced vary depending on
the flood control alternative. Advance bridge replacement
benefits are summarized in Table 111-23.

CC - 43



0
TABLE 111-23

BRIDGE REPLACEMENT BENEFITS
(IN $1,000)

Average
Annual

100-Year(FEMA) Benefits
Main Avenue Bridge $131,000

150-Year
Howe Avenue Bridge $24,000
El Camino Avenue Bridge 69,000
Main Avenue Bridge 131,000
Norwood Avenue Bridge 31,000

$255,000

200-Year
Highway 49 Bridge $1,534,000
Ponderosa Way Bridge 104,000
Main Avenue Bridge 131,000

$1,769,000

400-Year
Highway 49 Bridge $1,534,000
Ponderosa Way Bridge 104,000
Main Avenue Bridge 131,000

$1,769,000

500-Year
Highway 49 Bridge $1,534,000
Ponderosa Way Bridge 104,000
Main Avenue Bridge 131,000

$1,769,000

1/ October 1991 prices, 8-3/4% interest rate, and 100-
year project life.
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(5) Savings in Flood Insurance Administration
* Costs.- Savings in the flood insurance program operating costs are

the reduction in costs associated with the administration of the
National Flood Insurance Program. The cost of servicing flood
insurance policies includes the average cost per policy (including
agent commissions) and the costs of servicing and adjusting
claims. The National Flood Insurance Program operating cost is
currently $77 per policy (EC 1105-2-177). A Federal Emergency
Management Agency (FEMA) representative was contracted to
determine how many flood insurance policies had been issued in the
Sacramento area. A small number of policies are actually in
force, however, the representative explained that it was probably
due to the fact that the extent of the potential flood hazard had
only surfaced in the last few years. FEMA would like to see 100%
of the property owners within the 100-year flood plain purchase
flood insurance and is coordinating an effort among private
mortgage companies to eventually achieve this goal. Currently,
flood insurance is only required if a property in a 100-year flood
plain is bought, sold or re-financed. For purposes of this
analysis, several assumptions were made: (1) the extension of the
FEMA moratorium from 1992 to 2000 and (2) the small percentage of
flood insurance policies in force continues until the moratorium
ends in 2000. At that time the percentage of those insured would
increase to 10% which currently is the U.S. average for FEMA's
flood insurance program. By 2010 the coverage would be 100%
because properties currently located in the 100-year flood plain
will have been bought, sold, or re-financed by that time and would

* have to purchase flood insurance.

The tabulation below shows the number of structures and
benefits attributable to savings in flood insurance administration
costs. The benefits remain the same because the flood insurance
coverage that is currently required would no longer be mandatory
once a 100-year level of protection is provided. The COE 100-year
flood plain was used to estimate these benefits.

Savings in Flood Insurance Administration Costs
(Benefits in $1,000)

100-YEAR

FEMA 150-YEAR 200-YEAR 400-YEAR 500-YEAR

Benefits 0 $6,400 $6,400 $6,400 $6,400

Number of
Structures 0 113,000 113,000 113,000 113,000
(100-year
Flood-Plain)
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g. Summary. - A summary of average annual flood control
benefits for the five whole-basin alternative levels of protection
on the American River Watershed is shown in the following
tabulation. Amounts, shown in Table 111-24, do not include NED
employment benefits. The project is located in Sacramento,
Sutter, Placer, and El Dorado Counties. Of these counties, only
Sutter County qualifies for employment benefits. Due to financial
and time constraints, employment benefits were not estimated.

h. Sensitivity Analysis. - An analysis was conducted to
determine the effects on the inundation reduction benefits due to
changing the location of failure within the levee freeboard under
with-project conditions. Two scenarios were evaluated and
compared to the with-project failure condition used to assess the
selected plan: top of freeboard and bottom of freeboard.

As described above, a geotechnical evaluation was conducted
to determine the point at which the levees would fail. For levee
reaches which did not include modification as part of the selected
plan, this evaluation resulted in failed levees, for economic
purposes, at the same stage but with different frequencies of
occurrence for both without-project and with-project conditions.
The Natomas reach was the only location in which raising the
levees is required and freeboard benefits can be estimated.
Accordingly for the Natomas reach, the location of levee failure
within the freeboard is different in the without- and with-project
condition.

The first comparison scenario was to estimate the average
annual damages under with-project conditions and resulting average
annual benefits if all reaches ( except Natomas) failed at the
bottom of freeboard instead of failing at those frequencies as
determined by the geotechnical analysis. The second comparison
scenario estimated the average annual damages and average annual
benefits if the levees for all reaches failed under with-project
conditions at the top of freeboard. Information primarily in
Plates C-1 through C-3 were used to predict expected river stages
and frequency of flooding along the American River and stage-flow
relationships along the NEMDC. The 400-year plan (NED plan, see
Chapter IV) was used as the with-project condition for the
sensitivity analysis.

The frequency and return periods for various flows, or
stages, under existing conditions and the aforementioned scenarios
are shown in Table 111-25. The result of the sensitivity analysis
is shown in Table 111-26. As shown, the change in average annual
benefits is relatively insensitive to varying the location of
levee failure within the freeboard. The average annual benefits
for all scenarios are sizeable but similar.

Derivation of accurate flood plains based on a specific levee
failure scenario is extremely complex, time consuming, and costly.
Accordingly, flood plains for alternatives locations of failure
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Table 111-24
Full Basin Alternative

Average Annual Rood Control Benefitsll
(In $1,000)

Alternatives

100YR FEMA 150YR 200YR 400YR 500YR

Inundation
Reduction 51,680 101,450 134,010 163,400 169,190

Location 8,000 20,000 24,000 30,000 31,000

Savings in
Flood Proofing
Costs 170 170 170 170 170

* Bridge
Replacement 130 260 1,770 1,770 1,770

Flood
Insurance 0 6,400 6,400 6,400 6,400
Program

Total 59,980 128,280 166,350 201,740 208,530

1/8-314% Interest Rate, October 1991 Prices, 100 year project life.
* Figures rounded to the nearest ten thousand.

0
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TABLE 111-25
Frequency-Return Relationships Under Existing and Project Conditions

Sensitivity Analysis
EXISTING NED PLAN

REACH FREEBOARD BOTTOM TOP OF LEVEE
RETUR IRETURN RETURN

EVENT FREQ. PERIOD EVENT FREQ. PERIOD EVENT FREQ. PERIOD

NATOMAS 0.0 1.43 70 0.0 0.502 199 0.0 0.118 847
(Based 24.2 1.41 71 33.2 0.5 200 33.6 0.117 850
on stage) 24.4 1.0 100 33.5 0.25 400 33.6 0.1 1000

27.0 0.5 200 33.7 0.167 600

34.0 0.497 201
34.2 0.25 400
34.3 0.167 600

NORTH 139K 1/ 1.43 70 129 0.205 488 189 0.151 662
SAC. 140 1.41 71 130 0.204 490 190 0.15 667
(Based 156 1.33 75 139 0.202 496
on flow) 157 1.32 76 140 0.20 500 200 0.145 690

234 1.00 100 205 0.14 714 520 0.06 1667

520 0.25 400 234 0.12 833
600 0.167 600 520 0.06 1667

600 0.05 2000
SOUTH 139K 1.43 70 139 0.21 476 199 0.146 685
SAC. 140 1.41 71 140 0.20 500 200 0.145 690
(Based 205 1.12 89 205 0.144 694
on flow) 234 1.00 100 234 0.12 833 520 0.06 1667

520 0.25 400 520 0.06 1667
600 0.167 600 600 0.05 2000

RANCHO 144K 1.45 69 144 0.19 526 209 0.141 709
CORDOVA 145 1.43 70 145 0.18 556 210 0.140 714
(Based 234 1.00 100 234 0.12 833 520 0.06 1667
on flow) 370 0.67 150

520 0.25 400 520 0.06 1667
600 0.167 600 600 0.05 2000

RICHARDS 179K 1.22 82 179 0.152 658 200 0.145 690
BLVD. 180 1.20 83 180 0.151 662 201 0.144 694
(Based 200 1.11 90 200 0.145 690 520 0.06 1667
on flow) 234 1.00 100 234 0.12 833

520 0.25 400 520 0.06 1667
600 0.167 600 600 0.05 2000

DRY 1.2 20 5 1.2 20 5.0 1.2 20 5.0
CREEK 57.2 1.6 63 16.0 10 10 16.0 10 10
(Based 61.5 1.0 100 19.3 0.15 667 19.3 0.15 667
on stage) 64.8 0.5 200 68.0 0.145 690 68.0 0.145 690

68.2 0.13 769 68.2 0.13 769 68.2 0.13 769
73.1 0.01 10000 73.1 0.01 10000 73.1 0.01 10000

1/K= 1,000 Cubic Feet Per Second (CFS) 1
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TABLE 111-26
SENSITIVITY ANALYSIS 1/

($1,000)

North Dry Rancho South Richards
Category Natomas Sacramento Creek Cordova Sacramento Blvd

Average Annual
Damages for the
Without Proiect Condition 2 20,040 40,570 .2,040 5,600 118,540 3830

Average Annual
Damages for the
With Project Condition

(Selected Plan)

Freeboard Bottom 8,700 5,690 700 990 16,640 500

Selected Condition 3,170 5,680 700 990 16,550 490

Levee Top 2,040 4,760 700 980 14,490 450

Average Annual
Benefits for the

(Selected Plan)

Freeboard Bottom 11,340 34,880 1,340 4,610 101,900 3,330

Selected Condition 16,870 34,890 1,340 4,610 101,990 3,340

Levee Top 18,000 35,810 1,340 4,620 104,050 3,380

1/ October 1991 prices.

2/ Levee failure is based upon geotechnical and related engineering
analysis of levee stablility condition.
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were not accomplished. However, an effort was made to estimate
the relative effect on flooding of levee failures upstream and/or
downstream from the initially assumed breaching location. It was 0
concluded that during major flow events (rare floods), the
location of levee failure would not greatly influence the lateral
extent or depth of flooding.

5. Recreation. - Following is a description of recreation
demand and the methodology used to calculate recreation benefits.

a. Description of Demand. - The following table shows
an estimate of the existing and potential future recreation use
without and with the Natomas project elements for the portions of
the project area proposed for recreation development. Estimates
are based on 1989 sample use surveys and 1989 and 1990 use data
for the American River Parkway facilities. These samples were
adjusted using factors developed from similar central California
recreation areas to estimated average annual use.

SUMMARY OF ESTIMATED ANNUAL RECREATION USE

Reach/ Existing Potential Estimated
Alternative Recreation Use Recreation Use Net

Without Project Use With Project Use Increase in Use

Annual Annual Increase In
Recreation Recreation Annual 0

Days Days Recreation Days

YEAR 1 End Year YEAR 1 End Year YEAR 1 End Year

NEMD Trail 1,400 1,700 81,800 102,300 80,400 100,600
Dry Creek
Trail 500 700 54,600 68,200 54,100 67,500

Arcade Creek
Trail 800 1,000 81,800 102,300 81,000 101,300

Jedadiah
Smith Trail 109,100 136,400 163,700 204,600 54,600 68,200

Totals 111,800 139,800 381,900 477,400 270,100 337,600

When recreation demand is compared to existing recreation use
in the study area it is seen that there is a significant unmet
need for recreation opportunities. Recreation that is occurring
in this area is primarily on existing American River parkway
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* facilities. But significant use is being made of undeveloped
areas on the NEMD canal and tributary creeks. Developed
recreation facilities in these areas with the project would both
improve the value of existing recreation experiences and provide
new recreation opportunities to meet the identified area demand.

b. Benefit Analysis. - An estimate of the recreation
day use values for existing and improved facilities is provided in
the following table. The recreation day-use values were
determined according to procedures outlined in ER 1105-2-100,
Planning Guidance; Chapter 6, Economic Considerations; Section
VIII, NED Benefit Evaluation Procedure: Recreation. The low value
of the existing recreation opportunities reflects the lack of
access and developed facilities.

GENERAL RECREATION UNIT DAY VALUES

Value per

Recreation Day

Existing New

NEMDC Trail 3.00 4.01
Dry Creek Trail 3.00 4.78
Arcade Creek Trail 3.00 4.78
Jedadiah Smith Trail 5.16 6.32

Using the day-use recreation values and average annual
recreation use derived from the above table, the recreation
benefits for new recreation use and for the increased value of the
existing recreation use were calculated (the existing recreation
use is expected to continue, but the new facilities would make the
recreation experience more valuable). The following table
displays these benefits. The average annual values were
calculated using an 8-3/4 percent interest rate and a 100-year
period of analysis.
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RECREATION BENEFITS

Change in Total
Value of Value for (Average
Increase Existing Annual)
($1,000) ($1,000) ($1,000)

NEMD Trail 368 3 371
Dry Creek Trail 277 3 280
Arcade Creek Trail 440 3 443
Jedadiah Smith Trail 360 116 476

$1,445 $125 $1,570

The proposed recreation developments are expected to provide
in excess of 335,000 user days annually at a value of
approximately $1.57 million dollars annually.

The estimated average annual costs for the recreation
features are about $890,000 (see cost estimate in main report).
Accordingly, the estimated net average annual recreation benefits
are $660,000. The benefit-to-cost ratio for the recreation
increment is 1.7 to 1.
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IV.OPTIMIZATION

CHAPTER IV - OPTIMIZATION

6. General. - Optimization in this report is defined as the
process to identify the plan that maximizes Net Economic
Development (NED) Benefits. Optimization was accomplished under
two separate formulation assumptions. The first method analysed
the American River independent of Natomas; then Natomas was
evaluated as a last added increment. It included identifying that
alternative that maximized net NED benefits along the main stem of
the American River and then, as a last added increment,
identifying the level of flood protection that maximized the net
NED benefits in Natomas. The second method was to optimize the
flood control alternative that maximizes net NED benefits from a
system, or full basin approach (i.e. each full basin alternative
provided a consistent level of flood protection to the main stem
American River and Natomas).

7. Separate Area. - Tables IV-l and IV-2 show frequency and
* return periods for various flows or stages under without- and

with-project conditions for the main stem American River and the
Natomas area, respectively. The first entry in the event column
(either flow or stage) for each flood plain area is the non-
damaging condition. The second entry is the flow or stage at a
major levee failure or when damages begin. Project conditions are
specific to various alternatives along the main stem American
River and in Natomas. The American River alternatives do not
include any features to protect Natomas. For reasons to be
described, the Natomas alternatives assume a project along the
American River capable of providing a 400-year level of
protection.

a. Main Stem American River. - As explained in the Plan
Formulation Appendix, various alternatives were formulated to
provide levels of flood protection along the American River,
ranging from the minimum necessary to satisfy requirements of FEMA
to the 500-year levels of protection. With one exception, each of
the alternatives representing specific levels of protection would
provide the greatest net economic benefit. That exception was the
150-year level of protection. In that alternative, features were
selected based on other than economic reasons.

Table IV-3 shows a breakdown of estimated first and annual
costs for project features along the American River and in Natomas
for providing protection to all the American River basin. Tables

* IV-4 and IV-5 show the estimated flood damages and resulting
inundation reduction benefits (based on information provided in
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TABLE IV-4

Main Stem Optimization 11
Average Annnual Damages

($1,000)

Without
Reach Project 1 00yr 150yr 200yr 400yr 500yr

Natomas 20,040 16,450 8,720 8,720 8,720 8,720

Dry Creek 2,040 1,020 840 780 700 700

North Sac 40,570 29,760 17,360 11,800 5,680 4,380

Rancho 5,600 4,580 3,820 2,180 990 810
Cordova

South Sac 118,540 87,170 56,740 35,370 16,550 12,770

Richards B1. 3,830 2,890 1,670 1,050 490 490

[Total 190,620 141,870: 89,150 59,900 33,130 27,870
* 11 October 1991 prices, 8-3/4% interest rate.

TABLE IV-5
Main Stem Optimization 1!

Inundation Reduction Benefits
($1,000)

Reach 1 00yr 1 50yr 200yr 400yr 500yr

Natomas 3,590 11,320 11,320 11,320 11,320

Dry Creek 1,020 1,200 1,260 1,340 1,340

North Sac 10,810 23,210 28,770 34,890 36,190

Rancho 1,020 1,780 3,420 4,610 4,790
Cordova

South Sac 31,370 61,800 83,170 101,990 105,770

Richards B1. 940 2,160 2,780 3,340 3,340

Total 48,750 101,470 130 ,720 157,490.62,750

* 1/ October 1991 prices, 8-314% interest rate.
* Figures rounded to the nearest ten thousand.
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0

TABLE IV-6 1/2/
AMERICAN RIVER PROJECT ELEMENTS

MAIN STEM ALTERNATIVES
($ MILLIONS)

Item 100 Yr FEMA 150 Yr 100 Yr 200 Yr 400 Yr 500 Yr
(No Dam) (Dam)

3'

First Cost 96.90 437.10 421.70 499.80 592.50 671.20

Interest During Construction 0.00 27.70 30.30 36.70 43.50 57.70

Total Investment Cost 96.90 464.80 452.00 536.50 636.00 728.90

Annual Cost 4/

Interest & Amortization 8.50 40.70 39.60 47.00 55.70 63.80

Operation and Maintenance 0.00 0.20 0.10 0.10 0.10 0.10

Total 8.50 40.90 39.70 47.10 55.80 63.90

Annual Benefits 41

Inundation Reduction 48.75 101.47 48.75 130.72 157.49 162.75

Flood Proofing Cost Sav. 0.17 0.17 0.17 0.17 0.17 0.17

Bridge Replacement 0.00 0.24 1.64 1.64 1.64 1.64

Flood Insurance 0.00 5.62 5.62 5.62 5.62 5.62

Total 48.92 107.50 56.18 138.15 164.92 170.18

Net Annual Benefits 4/ 40.42 66.60 16.48 91.05 109.12 106.28
1/ Does not include Natomas elements other than for increased objective release.
2/ October 1991 Price Levels.
31 85-year Corps level of flood protection.
4/ At 8-3/4 % interest for 100-year project life.
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* Table IV-I) for the various alternatives. Table IV-6 shows a
summary comparison of the costs and benefit categories for the
100-year FEMA, and 150-, 200-, 400-, and 500-year levels of flood
protection. Plate C-13 is a plot of pertinent information in
Table IV-6. It shows the relationships in the first and annual
costs, benefits, and net benefits for the various alternatives.
The NED plan along the Main Stem of the American River is the
400-year alternative.

The identification of the plan that maximized net benefits
was also made using a marginal cost to marginal benefit approach.
The point where marginal cost equals marginal benefits is the
optimal project size. The 400-year level of protection was
identified as that increment along the American River that
maximized net economic benefits.

b. Natomas. - Flood protection from plan elements along
the American River can significantly reduce flooding in the
watershed. Furthermore, these elements can greatly help, but
cannot resolve, flooding in Natomas. On the other hand, flood
protection in Natomas cannot easily or economically be
accomplished by itself. In other words, Natomas can be considered
a last added increment to a flood project in the watershed,
however, it cannot be considered as a first-added increment.

An analysis was conducted, assuming the economic optimal-main
stem American River plan element mentioned above for all
conditions, and then providing varying levels of protection in
Natomas. Included in Table IV-2 are the estimated frequencies of
flows or stages of flooding in the various flood plains. Tables
IV-7 and IV-8 show the estimated average annual damages under
without- and with-project conditions and resulting benefits based
on the information in Table IV-2 for the 100 (FEMA)-, 200-, 400-,
and 500-year levels of protection. Table IV-9 shows a summary of
costs and benefits for each alternative. Included in Table IV-9
is an estimated cost for levee modifications along the American
River and elsewhere. These modifications are intended to offset
hydraulically induced impacts resulting from Natomas being
protected to the 500-year event while the remainder of the area is
only protected to the 400-year level.

The alternative which maximizes net annual economic benefits
is that alternative with 400-year level of flood protection. The
net benefits are also shown for the 100-year FEMA, 200-year,
400-year, and 500-year levels of flood protection. The net
benefits for the 500-year alternative are less than the net
benefits for the 400-year alternative since the costs
disproportionately increased for the added increment of flood
protection.
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TABLE IV-7
Natomas Optimization 1/

Average Annual Damages 2/
($1,000)

Without 1 00yr 200yr 400yr 500yr

Reach Project FEMA

Natomas 20,0403/ 3,870 3,480 3,130 2,170

Dry Creek 2,040 730 700 700 690

North Sac 40,570 5,680 5,680 5,680 5,680

Rancho 5,600 990 990 990 990
Cordova

South Sac 118,540 16,550 16,550 16,550 16,550

Richards B1. 3,830 490 490 490 490

Total 190,620 -28,310 27,890. 2,4 2~7

TABLE IV-8

Natomas Optimization 11
Inundation Reduction Benefits

($1,000) 2/

Reach 1 00yr 200yr 400yr 500yr

FEMA

Natomas 16,170 3/ 16,560 16,910 17,870

Dry Creek 1,310 1,340 1,340 1,350

North Sac 34,890 34,890 34,890 34,890

Rancho 4,610 4,610 4,610 4,610
Cordova
South Sac 101,990 101,990 101,990 101,990

Richards B. 3,340 3,340 3,340 3,340

Totai 162,310 : 62,730 'i;?ý.1,,63,080 1 564,050

11 October 1991 prices.
2/ Figures rounded to the nearest ten thousand.
31 Damages and benefits assume 400-year level of flood protection along

the Main Stem American River and varying levels of flood protection
(1 00yr fema, 200yr, 400yr, and 500yr) in Natomas.

C - 60



TABLE IV-9
OPTIMIZATION OF NATOMAS ELEMENTS - AS A LAST ADDED INCREMENT 1/

($ MILLIONS)

Item Natomas Level of Protection Alternatives

70 Yr 80 Yr 100 Yr 200 Yr 400 Yr 500 Yr
(Non- 2/ (FEMA) 3/

Damaging) 2/

First Cost

Detention Dam and Related 41 592.50 592.50 592.50 592.50 592.50 592.50
American River Levee Mod. 5/10/ 0.00 0.00 0.00 0.00 0.00 218.55
Natomas Area Levee Modifications 10/ 0.00 31.80 32.00 35.50 39.00 58.80
Total Alternative 592.50 624.30 624,50 628.00 631.50 869.85

Total Natomas Specific 6/ 0.00 31.80 32.00 35.50 39.00 277.35

IDC 7/ 0.00 2.41 2.40 2.90 3.20 31.80
Total 0.00 34.21 34.40 38.40 42.20 309.15

. Annual Costs - Natomas

Interest and Amortization 8/ 0.00 2.99 3.00 3.36 3.70 27.10
Oper. and Maint. 0.00 0.40 0.10 0.10 0.10 0.40
Total 0.00 3.39 3.10 3.46 3.80 27.50

Annual Benefits 8/

Inundation Reduction
Total Alternative 0.00 162.31 162.73 163.08 164.05
American River Specific 9/ 0.00 157.49 157.49 157.49 157.49
Subtotal Natomas 0.00 4.82 5.24 5.59 6.56

Location 0.00 8.00 24.00 30.00 31.00
Bridge Replacement 0.00 0.13 0.13 0.13 0.13
Flood Insurance 0.00 0.00 0.78 0.78 0.78
Total 0.00 12.95 30.15 36.50 38.47

Net Annual Benefits 8/ 0.00 9.85 26.69 32.70 10.97

1/ October 1991 - Price Levels
2/ Approximate

3/ 85-Year Corps level of flood protection.
4/ Includes 894,000 acre foot flood control dam at Auburn.
5/Include features along lower American River to mitigate adverse hydraulic impacts due to Nato mas protection.
6/ Total for alternative less cost for flood control dam at Auburn.
71 Natomas area and lower American River levee features only.. 8/ At 8-3/4 % interest for 100-year project life.
9/ Flood control benefits attributable to an 894,000 acre foot flood control dam at Auburn.

10/ Costs were derived on a proportional basis for projects including features to accommodate an increased objective
release from Folsom Dam. C - 61



8. System. - Due to (1) the similarities in maximizing at
net annual benefits in Natomas and the main stem American River
and (2) the expressed desire by the non-Federal sponsor to
evaluate the Natomas and American River elements on a system
basis, an optimization was accomplished on alternatives providing
consistent levels of flood protection. The estimated frequencies
of flows and/or stages of flooding for the various alternatives
are shown in Table 111-4. Costs for these alternatives are shown
in Table IV-3. Table IV-10 and Plate C-14 show a summary of the
first and annual costs, benefits, and net benefits. As indicated
on Plate C-14, the alternative on a system basis that appears to
maximize net annual (NED) benefits is the 400-year plan.

9. Natomas As Last Added Increment. - The estimated average
annual flood control related benefits for a project designed to
protect the main stem American River (detention dam near Auburn
capable of providing a 200-year level of protection to the main
stem of the American River (excluding Natomas)) is approximately
$138.2 million. About 8 percent of this benefit is attributable
to reduction of flood damages in Natomas. The total average
annual flood control related benefits for the selected project
(full basin alternative) are $166.4 million. Accordingly, the
benefits creditable to the Natomas increment of the selected plan
are $28.2 million ($166.4 - $138.2 million).

There would be no location benefits included in a project
aimed only at protecting the main stem of the American River.
Accordingly, location benefits make up a large amount ($24
million) of the difference in annual flood control related
benefits between the selected plan (full basin alternative) and a
project aimed only at providing flood protection to the main stem
of the American River. The tabulation below shows the benefits
for the Natomas (200-year level of flood protection) last added
increment:

(Benefits in $1,000) Benefits For
Natomas

Benefits For Benefits For Last Added
Benefit Category Full Basin Main Stem Increment

Inundation Reduction 134,010 130,720 3,290

Location 24,000 0 24,000

Savings in Flood-Proofing
Costs 170 170 0

Bridge Replacement 1,770 1,640 130

Savings in Flood Insurance
Costs 6,400 5,620 780

Total 166,350 138,150 28,200 0
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TABLE IV-10
AMERICAN RIVER AND NATOMAS PROJECT ELEMENTS - AS A SYSTEM 1/

FULL BASIN
($ MILLIONS)

Alternatives

Item 100 Yr FEMA 150 Yr 100 Yr 200 Yr 400 Yr 500 Yr
(No Dam) (Dam)

21

First Cost

American River 31 96.90 437.10 421.70 499.80 592.50 671.20
Natomas 32.00 58.80 32.00 35.50 39.00 41.20
Subtotal 128.90 495.90 453.70 535.30 631.50 712.40

. Interest During Construction 2.40 33.50 32.70 39.60 46.70 61.00

Total Investment Cost 131.30 529.40 486.40 574.90 678.20 773.40

Annual Cost 4/

Interest & Amortization 11.49 46.30 42.62 50.33 59.40 67.70
Operation and Maintenance 0.10 0.30 0.20 0.20 0.20 0.20
Total 11.59 46.60 42.82 50.53 59.60 67.90

Annual Benefits 4/

Inundation Reduction 51.68 101.45 51.68 134.01 163.40 169.19

Location 8.00 20.00 8.00 24.00 30.00 31.00
Flood Proofing Cost Sav. 0.17 0.17 0.17 0.17 0,17 0.17

Bridge Replacement 0.13 0.26 1.77 1.77 1.77 1.77

Flood Insurance 0.00 6.40 6.40 6.40 6.40 6.40
Total 59.98 128.28 68.02 166.35 201.74 208.53

Net Annual Benefits 4/ 48.39 81.68 25.20 115.82 142.14 140.63

1/October 1991 price levels.
21 85-year Corps level of flood protection.
3/ Does not include creditable expenditures to date from Auburn Dam Project.
4/ At 8-3/4 % interest for 100-year project life.
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The first cost of the selected plan creditable to Natomas and
exclusive of the recreation features is $40 million. The
resulting average annual cost is $4.1 million. Accordingly, the
net average annual flood control related economic benefit for
Natomas as the last-added increment are $24.1 million ($28.2 -

$4.1).
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EL DORADO COUNTY SERVICE AREA

The Department of Water Resources has conducted a reconnaissance study of water needs
for El Dorado County. El Dorado Irrigation District supplied the Department with its projected
shortages.

WATER USE

The terms water use and applied water use in this report pertain to deliveries at intakes to
domestic, municipal, and industrial distribution systems or at farm headgates or irrigation well
heads. The term does not include surface water conveyance losses incurred from the point of diver-
sion to the distribution system or farm headgate' Total urban and agricultural applied water use
for western El Dorado County is summarized in Table D-1.

Table D-1
APPLIED WATER USE

El Dorado County
(Acre-Feet)

Georgetown Western
El Dorado Divide National County

Year I.D. P.U.D.* Forest** Total

1983
Urban 12,980 1,710 0 14,690
Agricultural 11,980 4,300 300 16,580
Total 24,960 6,010 300 31,270

1990
Urban 17,400 2,420 0 19,820
Agricultural 12,750 5,100 340 18,190
Total 30,150 7,520 340 38,010

2000
Urban 23,240 3,340 0 26,580
Agricultural 14,240 6,200 380 20,820
Total 37,480 9,540 380 47,400

2010
Urban 28,440 4,150 0 32,590
Agricultural 15,660 7,400 380 23,440
Total 44,100 11,550 380 56,030

2020
Urban 34,880 5,090 0 39,970
Agricultural 16,170 8,500 380 25,050
Total 51,050 13,590 380 65,020

* =ricultural water use in GDPUD is based on projections of untreated water

** May include privately owned parcels of land.
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Urban Water Use

Urban water use, as defined by the Department of Water Resources, includes residential,
commercial, industrial, and governmental use. In this report it may also include water used for
irrigation on parcels less than 5 acres if treated water is being delivered for such use.

To compute urban water use, the Department of Water Resources considers population,
urban land area, per capita water use, and urban water conservation. Industries that use large
amounts of water are accounted for separately. Urban applied water use is calculated by multiply-
ing the permanent population by per capita use, then adding the amount of water used by high
water-use industries.

Future urban applied water use depends on numerous interrelated factors, a change in any
one of which can influence the per capita water use. These factors may include implementation of
water conservation measures, change in water-pricing strucrnre, change in tax structure,
preservation of open space, preferential treatment of agricultural water use, and urban density.
Historically, per capita water use has trended upward, but it was assumed that, with increased
effects of water conservation, the trend would level off. Therefore, per capita water use factors
were presumed to remain constant from 1985 to 2020.

Results of the computations for western El Dorado County are shown in Table D-2.

Agricultural Water Use

Agricultural water use, as defined by the Department, includes water deliveries for irriga-
tion on parcels larger than 3 to 5 acres. The fundamental data for estimating agricultural water use
are crop acreages and their corresponding crop unit water use values. Land use surveys are used to
determine irrigated acreage, types of crops being grown, and how many acres are being double-
cropped. Measured and theoretical values related to climate, water needs of specific crops, and
irrigation efficiency are used to calculate the crop unit water use values.

To project future agricultural water use, analysts must also consider the amount of irrigable
land available (land classification) and forecasts of future needs for food and fiber. The possibility
for improving irrigation efficiency (conservation) is also considered. The availability and cost of
water are presumed not to be a restraint to development.

An additional consideration was necessary in the Georgetown Divide Public Utility District.
In recent years, ranchettes have largely replaced commercial agriculture in the area. Because the
Department does not have a water use category for ranchettes, agricultural water use for
Georgetown Divide PUD was estimated based on historical untreated water sales.

The existence of urban ranchettes within the EID service area is not yet sufficiently docu-
mented to allow ranchettes to be a separate category or to be projected for future use. However,
water use by the larger ranchettes is included with the agricultural water use, and treated water
delivered to the smaller ranchettes is reflected in urban per capita water use.

D
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Table D-2
PRESENT AND PROJECTED URBAN WATER USE

El Dorado County

1983 1990 2000 2010 2020

EL DORADO IRRIGATION DISTRICT
Western EID

Permanent Population 22,300 30,020 40,290 49,410 60,720
Acre-feet/Capita/Year 0.217 0.217 0.217 0.217 0.217
Acre-feet/Year Subtotal 4,840 6,510 8,740 10,720 13,180
Acre-feet/Year-Industry 50 70 90 110 140
Total Urban Use (Acre-Feet) 4,890 6,580 8,830 10,830 13,320

Placerville and Vicinity

Permanent Population 28,540 38,410 51,530 63,230 77,710
Acre-feet/Capita/Year 0.201 0.201 0.201 0.201 0.201
Acre-feet/Year Subtotal 5,740 7,720 10,360 12,710 15,620
Acre-feet/Year-Industry 0 50 70 90 110
Total Urban Use (Acre-Feet) 5,740 7,770 10,430 12,800 15,730

Eastern EID
Permanent Population 8,000 10,770 14,450 17,730 21,790
Acre-feet/Capita/Year 0.201 0.201 0.201 0.201 0.201
Acre-feet/Year Subtotal 1,610 2,160 2,900 3,560 4,380
Acre-feet/Year-Industry 450 500 550 600 650
Total Urban Use (Acre-Feet) 2,060 2,660 3,450 4,160 5,030

Mosquito

Permanent Population 490 660 890 1,090 1,340
Acre-feet/Capita/Year 0.106 0.106 0.106 0.106 0.106
Total Urban Use (Acre-Feet) 50 70 90 120 140

Latrobe

Permanent Population 250 330 440 540 670
Acre-feet/Capita/Year 0.134 0.134 0.134 0.134 0.134
Total Urban Use (Acre-Feet) 30 40 60 70 90

Southern EID

Permanent Population 1,720 2,310 3,100 3,800 4,670
Acre-feet/Capita/Year 0.122 0.122 0.122 0.122 0.122
Total Urban Use (Acre-Feet) 210 280 380 460 570

El Dorado Irrigation District Total

Permanent Populatijn 61,300 82,500 110,700 135,800 166,900
Seasonal Population 5,480 8,110 10,740 13,180 15,540
Acre-feet/Year Subtotal 12,480 16,780 22,530 27,640 33,980
Acre-feet/Year-Industry2  500 620 710 800 900
Total Urban Use (Acre-Feet) 12,980 17,400 23,240 28,440 34,880

GEORGETOWN DIVIDE PUBLIC UTILITY DISTRICT

Permanent Population 6,900 9,900 13,700 17,100 21,100
Seasonal Population 800 1,180 1,570 1,930 2,270
Acre-feet/Year Subtotal 1,580 2,260 3,150 3,920 4,830
Acre-feet/Year-Golf Course 130 160 190 230 260
Total Urban Use (Acre-Feet) 1,710 2,420 3,340 4,150 5,090

1 Seasonal population data are available only for the entire service area. Per capita use includes both permanent and seasonal
residents.

2 Projections reflect El Dorado County estimates in 2020.
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The county's future planning should consider identifying ranchettes and determining their
water use so water use can be projected for a ranchette category. According to the county,
information for such projections may be available in 1990 or 1991.

Land Use

The most recent land use surveys of El Dorado County were made in 1956-1960, 1967-1969,
and 1983. Land use from the three sets of surveys is shown in Table D-3. In 1956-1960, about 9,300
acres of irrigated crops were mapped in El Dorado County. In 1967-1969, about 7,000 acres of
irrigated crops were mapped. In 1983, only about 5,900 acres of irrigated crops were mapped.

Table D-3
LAND USE IN EL DORADO COUNTY

(Acres)

1956-1960 1967-1969 1983

Irrigated Agriculture
General Field 0 0 10
Alfalfa 40 0 0
Pasture 3,320 3,320 2,420
Truck Crops 40 200 320
Orchard 5,860 3,520 2,540
Vineyard 0 0 630

Subtotal 9,260 7,040 5,920

Dry Farmed 640 340 790

Nonagricultural
Urban and Recreational1  Not 16,650 34,700
Other Available 1,120,470 1,103,090

TOTAL AREA 1,144,500 1,144,500 1,144,500

"1 Includes lawn areas outside of urban areas.

Irrigated Crop Patterns

Forecasting development of commercial agriculture in California and, in turn, El Dorado
County, involves consideration of all known factors and extrapolation of conditions that may pre-
vail in the future.

Initial forecasts for El Dorado County, compiled as a supporting document for Bulletin 160-
83, are essentially the result of regional allocations and the Crop Market Outlook Forecast. The
crop pattern forecasts for this report, shown in Table D-4, are the results of adjusting these earlier
forecasts to reflect trends indicated by recent land use surveys and more recent assessments of the
long-term crop production outlook made by the Department. Local opinions were also solicited.

The Department of Water Resources conducted land classification surveys throughout the
State during the 1950s and1960s. El Dorado County was surveyed in three different years: the
Tahoe watershed in 1956, the American River watershed in 1962, and the Cosumnes/Mokelumne/

D-4



0

Table D-4
IRRIGATED CROP PATTERNS

El Dorado County
(Acres)

Miscellaneous Irrigated Miscellaneous Deciduous
Study Area Year Field Pasture Truck Orchard Grapes Total

El Dorado Irrigation District
Western EID 1983 0 200 0 10 0 210

1990 0 200 0 10 0 210
2000 0 200 0 10 0 210
2010 0 200 0 0 0 200
2020 0 200 0 0 0 200

Placerville 1983 0 620 0 740 100 1,460
and Vicinity 1990 0 600 20 750 100 1,470

2000 0 600 50 800 120 1,570
2010 0 600 100 900 150 1,750
2020 0 600 100 950 150 1,800

Eastern EID 1983 0 250 270 1,670 160 2,350
1990 0 300 300 1,800 200 2,600
2000 0 350 300 2,000 250 2,900
2010 0 400 300 2,200 300 3,200
2020 0 400 300 2,250 350 3,300

Mosquito 1983 0 0 0 0 0 0
1990 0 0 0 0 0 0
2000 0 0 0 0 0 0
2010 0 0 0 0 0 0
2020 0 0 0 0 0 0

Latrobe 1983 0 0 0 0 30 30
1990 0 0 0 0 50 50
2000 0 50 0 0 100 150
2010 0 50 0 0 100 150
2020 0 50 0 0 100 150

Southern EliD 1983 0 30 0 10 320 360
1990 0 30 0 10 450 490
2000 0 50 50 10 550 660
2010 0 80 80 10 650 820
2020 0 100 100 10 700 910

EID Total 1983 0 1,100 270 2,430 610 4,410
1990 0 1,130 320 2,570 800 4,820
2000 0 1,250 400 2,820 1,020 5,490
2010 0 1,330 480 3,110 1,200 6,120
2020 0 1,350 500 3,210 1,300 6,360

Georgetown Divide Public Utility District1

1983 10 1,240 50 110 20 1,430

National Forest
1983 0 80 0 0 0 80
1990 0 90 0 0 0 90
2000 0 100 0 0 0 90
2010 0 100 0 0 0 100
2020 0 100 0 0 0 100

I Projections of untreated water use for Georgetown Divide PUD were based on historical untreated water sales in lieu of
projected crop pattern; therefore, future irrigated crop acreages were not evaluated.
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Calaveras watershed in 1968. Data from those surveys were updated, based on land use surveys,
to adjust for urban growth and to determine the 1983 level of available land for forecasting crop
patterns.

The Crop Market Outlook is important in forecasting agricultural development because it
considers economic and physical elements that influence crop production in California. The CMO
is based on national population growth, per capita consumption, and exports and imports, which
are then translated to California's share of the total production required to meet national demands
for food and fiber. California's share of the markets for various crops is, in turn, allocated to
regions of the State by considering physical and economic constraints such as availability and suit-
ability of land, climatic conditions, land use trends, production costs, land prices, farm sizes, and
other factors affecting crop production.

Applied Water Use and
Evapotranspiration of Applied Water

This section discusses the basis for the unit water use values used in translating crop acre-
age to present and future agricultural water use.

Water delivered at the farm headgate and applied as irrigation water is commonly referred
to as applied water (AW). That portion of applied water that is consumed by evaporation and plant
transpiration processes is referred to as evapotranspiration of applied water (ETAW). The rest of
the applied water percolates below the root zone or runs into the drainage system.

On farm irrigation efficiency is the percentage of applied water that is used by and available

for evapotranspiration. Irrigation efficiency, as a percentage, is computed as:

Irrigation Efficiency = ETAW/AW x 100

This equation is based on the assumption that soil moisture storage at the beginning and
end of the irrigation season reaches the same level each year; thus change in soil moisture is not
reflected. Evapotranspiration (ET) is the total amount of water required by the crop during the
growing season. It includes water consumed by vegetation for transpiration and building of plant
tissue and water evaporated from adjacent soil and water surfaces. A portion of the ET require-
ment is met from precipitation. The term ETA W refers only to the portion of ET that is met by
irrigation (applied water).

Average unit values for irrigation water requirement and ETAW for crops grown in the
area were estimated based on information published by the University of California Cooperative
Extension Service, Irrigation Management for the Sierra Nevada Foothills of California (1980). The
estimates include consideration of:

Elevation where most of these crops are grown.

Whether most of the crops are grown with or without cover crops.

Similarity of terrain and its exposure on which crops are grown.
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In most instances, the average of seasonal water requirement under varying conditions was
used. Estimated unit use values were compared with values in other areas of the State with similar
or dissimilar environment. The comparison showed the estimates were reasonable for the area.

Estimated average unit values for evapotranspiration of applied water and applied water (in
feet) are:

Irrigation
ETAW Efficiency AW

Miscellaneous Field 1.2 67 1.8
Irrigated Pasture 2.6 68 3.8
Miscellaneous Truck 0.6 86 0.7
Deciduous Orchard 1.9 68 2.8
Grapes 1.0 77 1.3

These values represent average rates and are more appropriate for assessing areawide
water applications than for uses on specific farms.

In Georgetown Divide PUD it is difficult to project separately the untreated water use
between agricultural water use and water needs for small parcels and ranchettes. Commercial
agriculture, however, appears to be disappearing from the District. The projections of untreated
water use were, therefore, largely based on information provided by Georgetown Divide PUD.
Untreated water use is projected to increase by about 100 acre-feet per year. This projection is
based on the assumption that cost and availability of water will not be a constraint.

Estimates of applied water use are shown in Table D-5. Estimates of evapotranspiration of
applied water are shown in Table D-6.

Applied water use is expected to increase substantially between 1983 and 2020. In the EID
study area, the increase would be about 4,190 acre-feet. In Georgetown Divide PUD, the increase
of 4,200 acre-feet is for ranchettes and not commercial agriculture.

WATER SUPPLY

The Sierra Nevada foothills of California seem to have an abundance of water because of
the many creeks, rivers, and reservoirs, but this is generally not true. Many creeks flow full during
winter and spring but are dry during summer and fall. The major rivers are in canyons and are
difficult to tap for communities and agricultural lands on higher areas.

Though ground water is a minor source of water in the foothills, it plays an important role
in meeting the needs of many people. Ground water basins within the county are small, have only
local significance, and are limited in potential yield. Most wells are drilled in fractured rock; thus,
while ground water will continue to be used locally, surface supplies will play the major role in
meeting future water demands and in some areas may replace a portion of present ground water
supplies.

0
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Table D-5
AGRICULTURAL APPLIED WATER USE

El Dorado County
(Acre-Feet)

Miscellaneous Irrigated Miscellaneous Deciduous
Study Area Year Field Pasture Truck Orchard Grapes Total

El Dorado Irrigation District
Western EID 1983 0 760 0 30 0 790

1990 0 760 0 30 0 790
2000 0 760 0 30 0 790
2010 0 760 0 0 0 760
2020 0 760 0 0 0 760

Placerville 1983 0 2,360 0 2,070 130 4,560
and Vicinity 1990 0 2,280 10 2,100 130 4,520

2000 0 2,280 40 2,240 160 4,720
2010 0 2,280 70 2,520 200 5,070
2020 0 2,280 70 2,660 200 5,210

Eastern EID 1983 0 950 190 4,680 210 6,030
1990 0 1,140 210 5,040 260 6,650
2000 0 1,330 210 5,600 320 7,460
2010 0 1,520 210 6,160 390 8,280
2020 0 1,520 210 6,300 460 8,490

Mosquito 1983 0 0 0 0 0 0
1990 0 0 0 0 0 0
2000 0 0 0 0 0 0
2010 0 0 0 0 0 0
2020 0 0 0 0 0 0

Latrobe 1983 0 0 0 0 40 40
1990 0 0 0 0 60 60
2000 0 190 0 0 100 290
2010 0 190 0 0 130 320
2020 0 190 0 0 130 320

Southern EID 1983 0 110 0 30 420 560
1990 0 110 0 30 590 730
2000 0 190 40 30 720 980
2010 0 300 60 30 840 1,230
2020 0 380 70 30 910 1,390

EID Total 1983 0 4,180 190 6,810 800 11,980
1990 0 4,290 220 7,200 1,040 12,750,
2000 0 4,750 290 7,900 1,300 14,240
2010 0 5,050 340 8,710 1,560 15,660
2020 0 5,130 350 8,990 1,700 16,170

Georgetown Divide Public Utility District1

1983 4,300
1990 5,100
2000 6,200
2010 7,400
2020 8,500

National Forest
1983 0 300 0 0 0 300
1990 0 340 0 0 0 340
2000 0 380 0 0 0 380
2010 0 380 0 0 0 380
2020 0 380 0 0 0 380

I For Georgetown Divide PUD, values were based on historical untreated water sales.
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Table D-6
EVAPOTRANSPIRATION OF APPLIED WATER

El Dorado County
(Acre-Feet)

Miscellaneous Irrigated Miscellaneous Deciduous
Study Area Year Field Pasture Truck Orchard Grapes Total

El Dorado Irrigation District

Western EID 1983 0 520 0 20 0 540
1990 0 520 0 20 0 540
2000 0 520 0 20 0 540
2010 0 520 0 0 0 520
2020 0 520 0 0 0 520

Placerville 1983 0 1,610 0 1,410 100 3,120
and Vicinity 1990 0 1,560 10 1,430 100 3,100

2000 0 1,560 30 1,520 120 3,230
2010 0 1,560 60 1,710 150 3,480
2020 0 1,560 60 1,810 150 3,580

Eastern EID 1983 0 650 160 3,170 160 4,140
1990 0 780 180 3,420 200 4,580
2000 0 910 180 3,800 250 5,140
2010 0 1,040 180 4,180 300 5,700
2020 0 1,040 180 4,280 350 5,850

Mosquito 1983 0 0 0 0 0 0
1990 0 0 0 0 0 0
2000 0 0 0 0 0 0
2010 0 0 0 0 0 0
2020 0 0 0 0 0 0

Latrobe 1983 0 0 0 0 30 30
1990 0 0 0 0 50 50
2000 0 130 0 0 80 210
2010 0 130 0 0 100 230
2020 0 130 0 0 100 230

Southern EID 1983 0 80 0 20 320 420
1990 0 80 0 20 450 550
2000 0 130 30 20 550 730
2010 0 210 50 20 650 930
2020 0 260 60 20 700 1,040

EID Total 1983 0 2,860 160 4,620 610 8,250
1990 0 2,940 190 4,880 800 8,810
2000 0 3,250 240 5,360 1,000 9,850
2010 0 3,460 290 5,910 1,200 10,860
2020 0 3,510 300 6,100 1,300 11,210

National Forest
1983 0 210 0 0 0 210
1990 0 230 0 0 0 230
2000 0 260 0 0 0 260
2010 0 260 0 0 0 260
2020 0 260 0 0 0 260

The general sources and amounts of surface and ground water supplies in the county are

described below, followed by more specific discussions of water supplies for each study area.
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Water Supply Development

The first water development in El Dorado County was for mining operations that followed
the Gold Rush of 1849. When hydraulic mining operations ceased, the mining ditches became
conveyance systems for what is now the Pacific Gas and Electric hydroelectric power system and
for meeting both agricultural and urban water supply needs. The principal systems of this kind in
use today are the Georgetown Ditch, El Dorado Canal, and many of the EID distribution system
ditches. Georgetown Divide PUD constructed the Stumpy Meadows Project to provide regulation
of water to its service area. The U.S. Bureau of Reclamation constructed the Sly Park facilities to
provide water for EID. Water supply developments are discussed in more detail under the specific
study areas.

Four major public utilities and 200 minor water distributors provide water to most of
El Dorado County's residents and agricultural users. Following is a discussion of major utilities
within El Dorado Irrigation District and Georgetown Divide Public Utility District.

El Dorado Irrigation District

El Dorado Irrigation District was formed in Table D-7
1925 primarily to assume the obligations and assets WATER SUPPLY,
of the El Dorado Water Company. At that time EL DORADO IRRIGATION DISTRICT
customers were supplied water through the old STUDY AREA

irrigation ditches and canals. Part of the original (Acre-Feet)

ditch system is still being maintained to bring water Source and Facility Water Supply

into the distribution system and, in some areas, for Main EID*
delivery of irrigation water. EID presently provides Sly Park (USBR)1  18,500
surface water to about one-third of the total 416,000 El Dorado Forebay (PG&E) 15,000
acres in this study area. The remaining area is served Folsom Lake (USBR)2  7,500
by individual wells, small farm ponds, or small local Waste Water Reuse3  620

diverter systems. Table D-7 summarizes the water Total 41,620

supply data for the EID study area. Mosquito
Ground Water 50

A multipurpose district, El Dorado Irrigation Total 50

District provides water service to 27,000 accounts, Latrobe
removes waste water from 10,000 accounts, operates Ground Water 60
Sly Park Recreation Area, and has a small hydro- Local Surface Water4  10

electric plant on Weber Creek. Communities as Total 70

diverse as urbanized El Dorado Hills and Cameron Southern EID
Park and rural/ residential ranches are served. Water Ground Water 580
is also wholesaled to the city of Placerville. Local Surface Water4  190

Total 770

Primary sources of water supply for EID are • Subareas: Western EID, Placerville and Vicinity,and Eastern MI.

Sly Park storage, El Dorado Forebay, and Folsom 1 EID rumyield
Lake. Sly Park Reservoir (Jenkinson Lake), was 2 Delivery capability is uncertain, but is increasing.
constructed in the 1950s by the U.S. Bureau of 3 To the extent a matching use exists, the amountcan increase.
Reclamation. The capacity is 41,000 acre-feet, and 4 Includes s d diversion from farmpondsncldidect storae andivrinwe availaboe

the firm yield is 18,500 acre-feet. and direct stre ersion when available.
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El Dorado Forebay (PG&E), at Pollock Pines, is supplied water from the South Fork
American River via El Dorado Canal. EID can purchase 15,000 acre-feet annually at the Forebay
from PG&E.

Annually, 7,500 acre-feet of water is available from Folsom Lake (USBR). The lake is near
the lowest elevation point of El Dorado County, so water used has to be pumped uphill. The
average diversion is estimated to be about 2,500 acre-feet annually. Plans are being developed to
increase pumping and pipeline capacities. During the 1976-1977 drought, EID's entitlement was
reduced by 50 percent, to 3,775 acre-feet. A similar reduction may occur at Folsom Lake in future
dry periods.

There are or have been several noncontiguous systems operated by EID: Kirkwood,
Rancho Murieta, Outingdale, and Strawberry. Rancho Murieta detached from EID in 1983 and
Kirkwood in 1985, so only the last two are of importance.

" Outingdale, within the Southern EID subarea, derives its water supply from the
Middle Fork Cosumnes River. Use is minor and is included with urban use and
supply for the subarea.

"Strawberry, within the Eastern EID subarea, derives its water supply from springs
north of Highway 50 until mid-summer, then switches to direct diversion from the
South Fork American River for the rest of summer. A few homes have a separate
spring system. Total supply and use is very small and is included in the total for the

* subarea.

Two other surface water sources are available to EID:

Average Yield
Source (Acre-Feet)

Weber Creek Reservoir (Weber Creek) 1,275
North Fork Ditch (North Fork Cosumnes River) 1,770

The yield from these sources is negligible because of dry year low flows and lack of delivery
capability.

Georgetown Divide Public Utility District

Georgetown Divide Public Utility District was formed in 1946 to acquire Georgetown
Water Company rights, facilities, and properties to serve the Georgetown Divide area. (The facili-
ties were finally acquired in 1959.) Georgetown Water Company and numerous predecessors held
certain rights to waters of the South Fork Rubicon River and Pilot Creek. Use of the water had
been established as early as 1852.

In the early 1950s, Sacramento Municipal Utility District expressed a desire to acquire
Georgetown Divide PUD's rights and facilities in the upper Rubicon basin, including Loon Lake
and a potential future water supply from the Rubicon River for which Georgetown Divide PUD
had made application. In return, SMUD offered to provide financial assistance for planning and
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construction and to assist in acquiring the necessary water rights for an alternative Georgetown
Divide PUD water supply in the Pilot Creek basin, including a 20,000 acre-foot reservoir.

In April 1957, Georgetown Divide PUD and SMUD entered into an agreement for sale of
the upper Rubicon facilities to SMUD. Funds from the sale and from a Public Law 984 loan were
used by Georgetown Divide PUD to construct the Stumpy Meadows Project, including Stumpy
Meadows Dam. The project was completed in 1962.

Table D-8 summarizes the water supply data
for the Georgetown Divide PUD study area. Table D-8

1983 WATER SUPPLY,
Stumpy Meadows Reservoir, with a gross stor- GEORGETOWN DIVIDE PUD

age capacity of 20,000 acre-feet, is on Pilot Creek, a S(UD'-AREA
tributary to the Rubicon River. The watershed has a (Acre-Feet)

total tributary area of 15.1 square miles, excluding a Sourceand__________ Water_____
small diversion from 1.5 square miles of the Onion Source and Facility Water Supply
Creek watershed, immediately to the south. Average Stumpy Meadows (Firm Yield)* 11,200
annual inflow from the direct tributary area is about Oth
22,000 acre-feet. Waste Water Reuse 0

Ground Water 760
Georgetown Divide PUD and the Minor Tributaries 0

Department of Water Resources are preparing a
study of alternative water supplies for Georgetown Total 11,960
Divide PUD. As a part of the study, DWR has con- * Assumes du3ing a criticany & uperiod similar
ducted operation studies to determine yield of the to 1976.1978. 0
Stumpy Meadows project based on various deficiency
criteria and water use. The firm yield of the project, including 30 percent deficiency in untreated
water deliveries, was determined to be about 11,200 acre-feet per year based on the 1976-1978
critical period. Safe yield is about 10,400 acre-feet. Further information will be published in the
report by Georgetown Divide PUD and DWR.

At this time, the Stumpy Meadows Project is the primary source of water for those areas
now being served by Georgetown Divide PUD.

Ground Water

Much of El Dorado County is underlain by metamorphic and granitic rock, which is locally
veneered by younger volcanic flows or alluvium. In the hard rock areas, ground water is found in
fractures and along fault zones and geologic contacts. Although ground water is prevalent in hard
rock areas, the amount that can be extracted at a specific site is variable and limited. Alluvium
consists of unconsolidated gravel, sand, silt, and clay that was deposited by flowing water adjacent
to streams and in basins. Where the alluvial deposits are thick, they can store and transmit
substantial amounts of ground water. In western El Dorado County, alluvium covers only small
areas and is usually too thin to provide significant ground water storage. Thus, the amount of
usable ground water in alluvium is limited.
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SUPPLEMENTAL WATER NEEDS

Supplemental water needs calculated by the Department of Water Resources for
El Dorado County (El Dorado Irrigation District and Georgetown Divide Public Utility District)
were determined by subtracting the net water supply (supply minus losses) from the projected
water use.

El Dorado Irrigation District

The EID study area was divided into six subareas for analyses of water needs and supplies.
Western EID, Placerville and Vicinity, and Eastern EID subareas are now served by the main EID
system. Mosquito, Labrobe, and Southern EID are served by local surface water systems or by
ground water.

No individual water balances were developed for Mosquito, Latrobe, and Southern EID,
which have no formal surface water systems. The areas are so sparsely populated that potential
water sources would be too numerous to be included in this general study. Each would probably
have to be analyzed separately.

Table D-9 compares estimated water uses for the main EID system with available water
supplies. The basic assumption is that those enclosed areas not now being served by EID but

* Table D-9
WATER BALANCES,

MAIN EL DORADO IRRIGATION DISTRICT SYSTEM*
(Acre-Feet)

1983 1990 2000 2010 2020

Water Requirements

Agricultural 11,380 11,960 12,970 14,110 14,460
Urban 12,190 16,390 22,000 26,990 33,180
Industrial 500 620 710 800 900
Total 24,070 28,970 35,680 41,900 48,540

Water Supplies

Local Surface Water
Folsom 2,500 5,000 7,500 7,500 7,500
Forebay-PG&E 9,500 15,000 15,000 15,000 15,000
Sly Park 18,5000 18,500 18,500 18,500 18,500

Waste Water Reclamation 620 620 620 620 620

Total 31,120 39,120 41,620 41,620 41,620

Losses
Conveyance (Pipeline) 2,000 2,000 2,000 2,000 2,000
Conveyance (Open Ditch) 9,000 9,000 9,000 9,000 9,000
Unauthorized Use 3,000 3,000 3,000 3,000 3,000
Total 14,000 14,000 14,000 14,000 14,000

Net Water Supply 17,120 25,120 27,620 27,620 27,620
Surplus (+) or Shortage (-) - 6,950 - 3,850 - 8,060 -14,280 -20,920
*Maffi EID System consists of Western EID, Placerville and Vicinity, and Eastern EID subareas.
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within the boundaries will eventually need a supplemental supply. This supply will serve new devel-
opment and replace some present ground water use.

Information on losses shown on Table D-9 is taken from State Water Resources Control
Board Water Right Decision 1587. Conveyance losses do not include distribution losses occurring
after the farm headgate, the treatment plant, or individual meters. Table D-9 does not show a
reduction in conveyance loss through 2020, although EID has an ongoing program to reduce these
losses.

Net water supply was determined by subtracting losses from water supply. Surplus or
shortage was determined by subtracting the net water supply from the amount of applied water.
Table D-9 shows that EID already has a water shortage. Based on present operations and avail-
able water supplies, certain management actions such as mandating reduced water use during
severe dry periods, reduction of ditch system losses, and installation of facilities to deliver all avail-
able water supplies will help to overcome shortages through 1990. Using more than firm yield of
Sly Park Reservoir, while possible in wet years, entails the risk of increasing the severity of short-
ages in dry years.

Sometime after 1990, new sources of surface supply will be needed. El Dorado Irrigation
District will have to identify those sources as part of its planning process.

Georgetown Divide Public Utility District

Future water needs in the Georgetown Divide PUD service area are assumed to be met by
the district, including areas not now being served, except for part of the Kelsey area and the area
east of Georgetown that is primarily U.S. Forest Service land. Analysis of Georgetown Divide
PUD, by subarea, is provided in the GDPUD/DWR alternative source study.

In 1983, 45 percent of urban needs of the study area were served by ground water. By 2020,
it is assumed that all urban needs, except for 15 percent of the present urban use in the Kelsey
area, will be met by Georgetown Divide Public Utility District.

Water balances for Georgetown Divide PUD are shown in Table D-10. Total present and
future water uses are compared with total net water supplies, consisting of Stumpy Meadows, a
local project, less losses to convey water to a treatment plant or farmer's headgate. Estimates of
supplies from Stumpy Meadows are based on firm yield assuming 30 percent deficiencies in
untreated water deliveries in a drought as severe as in 1976 and 1977. Estimates of losses and
untreated water uses are based on information provided by Georgetown Divide PUD.

Table D-10 indicates that if the projected growth in demand occurs, an additional water
supply will be needed before 2000. The quantity of supplemental water needed is stated in terms
of applied water. Losses to convey the supplemental supply from its source to a treatment plant or
farmer's headgate must be added to estimate total water needed at a source.
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Table D-10

WATER BALANCES,
GEORGETOWN DIVIDE PUBLIC UTILITY DISTRICT

(Acre-Feet)

1983 1990 2000 2010 2020

Water Requirements

Untreated 4,300 5,100 6,200 7,400 8,500
Urban 1,580 2,260 3,150 3,920 4,830
Recreational 130 160 190 230 260
Total 6,010 7,520 9,540 11,550 13,590

Water Supplies

Stumpy Meadows 11,200 11,200 11,200 11,200 11,200
Ground Water and

Surface Water 760 630 450 260 80

Total 11,960 11,830 11,650 11,460 11,280

Losses 3,420 2,350 2,150 2,150 2,150

Net Water Supply 8,540 9,480 9,500 9,310 9,130
Surplus(+) or Shortage(-) + 2,530 + 1,960 - 40 - 2,240 -4,460

Local Agency's Projected Needs

S El Dorado County Water Agency has reviewed the Department of Water Resources'
projections and has concluded that they are low. El Dorado County has provided the following
statement:

El Dorado Irrigation District and El Dorado County WaterAgency are currently study-
ing projections of future water needs and shortages in the EID service area. During the
past five years, unprecedented growth has occurred in the EID service area, averaging
almost 1,500 new connections annually. This includes all connections - residential,
commercial and agricultural. Assuming only residential unit usage, this would amount
to an increase in demand of about 1,000 acre-feet per year. The District has been able
to reduce system "losses" to at least partially compensate for this growth in demand by
system repair, maintenance and improved water management. It is not anticipated that
the current percentage growth rate will continue to 2020, but desirability of the area for
residential use would seem to support a continuing growth pattern. As a consequence,
El Dorado is concerned that D WRprojections may possibly understate the true magni-
tude of future need and shortages and the urgency for development of supplemental
water supplies.
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PLACER COUNTY SERVICE AREA 0
The Department of Water Resources has conducted a reconnaissance study of water needs

for the Placer County service area. Placer County Water Agency supplied information on recent
water use and projected future needs. The County is updating its 1986 master plan because of
recent heavy growth. The work is expected to be completed by the end of 1990.

WATER USE

The terms water use and applied water use, as used in this report, pertain to deliveries at in-
takes to domestic, municipal, and industrial distribution systems or at farm headgates or irrigation
well heads. The term does not include surface water conveyance losses incurred from the point of
diversion to the distribution system or farm headgate. Results are summarized in Table D-11.

Table D-11
PLACER COUNTY SERVICE AREA WATER USE

(Acre-Feet)

1985 2020
Study Areas Urban Agricultural Total Urban Agricultural Total

Western Placer
Future American River Service Area* 2,500 74,210 76,710 5,240 78,320 83,560
Other Potential Service Area*" 4,410 138,250 142,660 9,230 143,620 152,850

Subtotal 6,910 212,470 219,370 14,470 221,940 236,410

Placer County Water Agency, Zone 1 15,880 28,420 44,300 33,260 28,720 61,980

Roseville and
San Juan Suburban Water District 15,450 0 15,450 26,630 0 26,630

Total 38,240 240,880 279,120 74,360 250,660 325,020

* Western Roseville, County Zone 29, and Lincoln.
* South Sutter Water District, Camp Far West, Sheridan, and Nevada Irrigation District.

Urban Water Use

Fundamental data for estimating urban water use are population and per capita water use
values. Figure D-1 shows estimates of historical and projected population for Placer County devel-
oped by the California Department of Finance. The substantial growth in the county is expected to
continue, reaching 288,000 by the year 2020. The population in each study area in 1985 and 2020
was estimated by multiplying the 1980 ratio of study area population to county population by the
county population for 1985 and 2020.

Per capita use of water in an area, as defined by the Department of Water Resources, is the
total amount of water used divided by the permanent population. Historically, per capita water
use has trended upward, but it was assumed that, with increased effects of water conservation, the
trend would level off. Therefore, per capita water use factors were presumed to remain constant

0
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O from 1985 to 2020 for all study areas except San Juan Suburban Water District. Present and future
water use in the study areas were estimated by multiplying estimated population for 1985 and 2020
by per capita water use. Table D-12 presents the computations.

Figure D-1
PLACER COUNTY POPULATION
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Table D-12
URBAN WATER USE

Placer County Service Area

Per Capita Use Urban Water Use
Population (Acre-Feet per Capita) (Acre-Feet)

Study Areas 1985 2020 1985 2020 1985 2020

Western Placer
Future American River Service Area* 8,170 17,110 0.306 0.306 2,500 5,240
Other Potential Service Area" 14,410 30,160 0.306 0.306 4,410 9,230

Placer County Water Agency, Zone 1 51,900 108,700 0.306 0.306 15,880 33,260
Roseville and

San Juan Suburban Water District 36,430 76,300 0.424 0.349 15,450 26,630

* Western Roseville, County Zone 29, and Lincoln.
* South Sutter Water District, Camp Far West, Sheridan, and Nevada Irrigation District.

Agricultural Water Use

Fundamental data for estimating present agricultural water use are current crop acreages
and unit water use values. Crop acreages are obtained from Department land use surveys that
measure extent of irrigated acreage and identify types of crops being grown and other specific uses
of land, such as double-cropping practices and sources of irrigation water. Unit use values are
derived from analysis of data obtained over the years from direct measurements of applied water,
direct measurements of soil moisture consumed by evapotranspiration, and pertinent climatic
factors affecting crop water uses.
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Agricultural water use is the sum of the products of the irrigated acres of the crops and
their respective unit use factors. Water delivered at the farm headgate and applied as irrigation
water is commonly referred to as applied water (AW). That portion of applied water that is con-
sumed by evaporation and plant transpiration is referred to as the evapotranspiration of applied
water (ETAW). The balance of the applied water percolates below the root zone and/or runs into
the drainage system.

Land Use

Future agricultural water use is projected by considering various factors affecting agricul-
ture. Factors include historical cropping trends, impact of urban growth on agriculture, crop
suitability of available land, future market outlook, competition for land by other use, irrigation
and system efficiency, and water cost and other economic factors.

Historical Agricultural Land Use

The trend in the agricultural sector in Placer County has been a decline of large-scale com-
mercial agriculture and growth in the suburban ranchette type of use. According to the County's
1987Agricultural Study:

... 55% of all County farms are less than 10 acres in size. The smallest
category of 'farms", less than ten acres, grew by over 10%, while the
larger categories nearly all declined. This suggests a break-up of farm
properties into units that, though they still qualify as farms in this survey,
are not really apart of commercial agriculture. This reflects the large
number of hobby farms or rural ranchettes in the County.
(pp.10-11)

Once the land is subdivided into small parcels, it is unlikely that it will ever be returned to
agricultural production (except in the suburban ranchette sense).

Historical Cropping Patterns

Using the Agricultural Commissioner's crop acreage data in Table D-13, the trend for grain
acreage was irregular from 1960 through 1981. Table D-13 also shows grain acreage high in some
years, followed by low crop acreage in other years. The dramatic decline in the grain crop since
1982 corresponds with the Set-Aside program. This program began in 1982 and was designed to
manage the returns to the farmer by controlling the number of acres planted. This trend is also
supported by comparing Table D-13 with Table D-14, which shows the harvested and Set-Aside
acres for grain crops on a national basis from 1975 through 1988.

Acreages for vineyard and orchard have been on decline since 1960. Land in pasture has
been holding its own, although it is being divided into smaller parcels.

Figures D-2 through D-8 show the Agricultural Commissioner's data. Figure D-9 presents
data concerning rice acreage for the United States, California, and Placer County. The pattern of
rice acreage in Placer County is matched by those for both the State and the Nation.
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Table D-13
AGRICULTURAL COMMISSIONER'S CROP ACREAGE DATA

Placer County

Alfalfa Grain Orchard Pasture Rice Vineyard Total

1960 1,000 14,156 11,509 19,150 4,223 926 50,964
1961 1,000 19,020 9,204 19,500 3,073 670 52,467
1962 1,000 18,684 8,931 19,700 3,050 670 52,035
1963 950 18,483 8,356 21,000 2,820 670 52,279
1964 1,250 20,340 8,356 21,500 2,820 670 54,936
1965 1,500 20,400 8,389 22,500 3,560 670 57,019
1966 1,300 17,030 4,957 23,000 4,160 459 50,906
1967 1,550 14,730 4,931 23,500 4,200 459 49,370
1968 1,346 17,290 4,931 23,600 5,300 459 52,926
1969 889 15,330 5,442 23,700 5,580 466 51,407

1970 515 19,985 4,261 23,900 4,050 383 53,094
1971 2,247 16,660 4,261 24,900 4,398 383 52,849
1972 1,031 19,431 4,434 26,100 4,944 383 56,323
1973 1,340 14,280 4,441 27,400 7,020 383 54,864
1974 468 16,450 4,338 27,400 9,330 360 58,346
1975 1,195 22,750 2,875 27,400 12,000 296 66,516
1976 1,882 16,825 3,048 27,400 11,000 269 60,451
1977 1,140 21,685 2,989 19,500 8,500 296 54,110
1978 1,127 22,510 2,989 26,300 10,100 296 63,322
1979 715 18,900 2,809 26,800 16,100 226 65,550

1980 530 13,650 2,614 26,800 17,400 196 61,190
1981 500 13,990 1,913 26,800 18,000 126 61,329
1982 420 12,070 1,965 26,800 18,600 129 59,984
1983 0 3,183 1,934 26,800 8,510 129 40,556
1984 0 4,600 1,803 26,800 14,400 129 47,732
1985 0 4,300 1,812 26,800 12,900 126 45,938
1986 0 6,620 1,873 26,800 12,300 126 47,658
1987 0 6,100 2,257 26,800 12,000 125 47,282
1988 0 4,900 2,215 26,900 10,000 123 44,138

Note: Data (except 1987 and 1988) were compiled by the Giannini Foundation. Crops of minor total acres not included.

Crop Suitability

The crop suitability assessment is split between two general land areas. The first is the
lower, far western lands of the county. The second is the foothill area, generally between Auburn
and Camp Far West Reservoir.

The major portion of lower western Placer County is largely composed of terrace soils.
These soils typically are of the San Joaquin, Cometa, Ramona, Redding, Coming, and Fiddyment
soil series, according to the USDA Soil Conservation Service Soil Survey of Placer County, Western
Part. The effective rooting depth of these soils usually restricts crops that can be grown to shallow-
rooted ones. The major crops grown are irrigated pasture, rice, wheat, and barley. The Soil
Conservation Service has classified most of these soils as Class IV. (Soil capability classes range
from I to VIII. Soils with capability classes of V or above have severe limitations that make them
generally unsuitable for cultivation.)
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Table D-14
UNITED STATES CROP ACREAGE

(Millions ofAcres)

WHEAT BARLEYOATS RCE
Set Set Set Set

Harvested Aside Harvested Aside Harvested Aside Harvested Aside

1975 69.5 0 13.0 0 2.8 0
1976 70.9 0 11.8 0 2.5 0
1977 66.7 0 13.5 0 2.2 0
1978 56.5 0 11.2 0 3.0 0
1979 62.5 0 7.5 0 9.7 0 2.9 0
1980 71.0 0 7.3 0 8.7 0 3.3 0
1981 80.6 0 9.0 0 9.4 0 3.8 0
1982 77.9 5.8 9.0 0.4 10.3 0.1 3.3 0.4
1983 61.4 30.0 9.7 1.1 9.1 0.3 2.2 1.7
1984 66.9 18.3 11.2 0.5 8.2 0.1 2.8 0.8
1985 64.7 18.8 11.6 0.7 8.2 0.1 2.5 1.2
1986 60.7 20.2 12.0 1.8 6.9 0.4 2.4 1.5
1987 55.9 27.9 10.0 2.9 6.9 0.8 2.3 1.5
1988 53.3 30.1 7.4 2.9 5.4 0.3 2.9 0.9

Note: 1988 is estimated.
Source: U.S. Department of Agriculture.
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Figure D-4
ORCHARD ACREAGE IN PLACER COUNTY
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Figure D-5
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Figure D-7
VINEYARD ACREAGE IN PLACER COUNTY
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Much of the foothill portion of the study area is composed of soils of the Auburn, Sobrante,
Caperton, and Andregg soil series mixed with occasional rock outcrops. The effective rooting
depth of these soils ranges from shallow to moderate. This factor, as well as the steep slopes in
some areas, limits the types of crops grown. The Soil Conservation Service rates most of these
soils as Class IV and Class VI. The two major crops grown in this area are deciduous orchards and
pasture.

Future Market Outlook

The Department of Water Resources periodically updates the Crop Market Outlook for
California in providing the basis for statewide water demand projected in the Bulletin 160 series.
The CMO is based on statistical trends and expert opinion of what the future in agriculture will
look like. The last CMO (completed in 1985) forecast the following statewide trends for irrigated
crop acreages:

Alfalfa, Grain and A moderate decrease (10% to less than or equal to 25%) in
Other Field Crops irrigated acres was projected between 1981 and 2020.

Orchard Crops Fruit was projected to increase slightly (less than or equal to
10%) in irrigated acres, while nuts were expected to increase
substantially.

Pasture A slight increase (less than or equal to 10%) was expected.

Rice Projected to decrease substantially (greater than 25%) by the
year 2020.

Vineyard Expected to increase substantially.

The Department of Water Resources is now updating the CMO for the next Bulletin 160,
due to be published in 1992.

Projected Cropping Pattern

The 1985 and projected cropping patterns Table D-15
for Placer County service area are summarized in IRRIGATED CROP ACREAGES
Table D-15. Projections in Table D-15 do not Placer County Service Area
exactly follow the CMO, because the CMO is a
statewide view of future cropping patterns. 1985 2020

While providing a framework for projecting Field 1,180 1,120
future acreages, other factors also have to be Grain 1,100 5,000
considered. Orchard 3,300 3,010

Pasture & Alfalfa 25,800 28,550

The reasoning behind projections in Rice 14,400 17,300
Table D-15 is as follows: Truck 270 280TaVineyard 200 200

Total 46,250 55,460
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Field In 1985 the Department's land use survey recorded 700 acres
of field corn and 400 acres of miscellaneous field crops, while
no acres were shown in the Agricultural Commissioner's
reports for these categories. It was assumed that no basic
change would occur in this crop.

Grain The 1,100 acres of grain shown are irrigated acres. Most of
the County's grain crop is dry-farmed. While grain acreage
has decreased in response to the Set-Aside program (see
Table D-13), it is assumed that grain acreage will return to
historical levels by 2020.

Orchard It is assumed that orchard will remain the same. Significant
increase is unlikely due to urbanization and to the limitation
imposed by availability of soils suitable for deep-rooted crops.

Pasture & Alfalfa Pasture is projected to increase slightly due to the increase in
suburban ranchette land use. Alfalfa will remain the same.

Rice The County's rice acreage more or less mirrors that of the
State and Nation (see Figure D-9). Nothing on the national
or international scene would suggest a major change in total
rice acres or in the United States' share of the total market
(naturally there are year to year ups and downs). It is, there-
fore, assumed that rice acres will continue at about the
current level, with changes mainly resulting from Govern-
ment program requirements and translocation from nearby
rice-growing areas impacted by other competitive uses of land.

Truck The Department's surveys have recorded minor acreages of
truck crops, mainly melons. The expectation is that truck
crops will continue to be minor.

Vineyard While acres devoted to vineyards have increased dramatically
in California since 1972, Placer County's vineyard acreages
have fallen. It is assumed that acreage devoted to this crop
will continue to be minor.

Present and Future Crop Water Use

Table D-16 presents crop water use factors, crop acres, and the resulting products as well as
the evapotranspiration of applied water and applied water use for the subareas in 1985. Table D-17
presents the same information for 2020. Crop water use factors presented assume no change in
ETAW from now through 2020. On the other hand, the AW reflects increased irrigation efficiency
for rice, pasture, alfalfa, fruit and nuts, and vineyards. Miscellaneous truck AW is increased
slightly.
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Table D-16
AGRICULTURAL LAND USE, EVAPOTRANSPIRATION OF APPLI.ED WATER, AND APPLIED WATER,

1985
Placer County Service Area

Field Misc. Pasture & Misc. Fruit & Vine-
Grain Rice Corn Field Alfalfa Truck Nuts yards Total

Unit ETAW (AF/Acre) 0.6 3.4 1.8 1.5 3.0 1.2 2.5 1.9

Unit AW (AF/Acre) 0.9 6.8 2.6 2.2 5.1 1.8 3.7 2.9

West Roseville
Area (Acres) 0 500 0 0 1,000 0 0 200 1,700
ETAW (Acre-Feet) 0 1,700 0 0 3,000 0 0 380 5,080
AW (Acre-Feet) 0 3,400 0 0 5,100 0 0 580 9,080

South Sutter
Area (Acres) 400 7,500 0 100 1,700 0 200 0 9,900
ETAW (Acre-Feet) 240 25,500 0 150 5,100 0 500 0 31,490
AW (Acre-Feet) 360 51,000 0 220 8,670 0 740 0 60,990

Camp Far West
Area (Acres) 0 300 0 0 100 0 1,000 0 1,400
ETAW (Acre-Feet) 0 1,020 0 0 300 0 2,500 0 3,820
AW (Acre-Feet) 0 2,040 0 0 510 0 3,700 0 6,250

Sheridan 
.0 0 0Area (Acres) 100 200 0 0 300 300 90

ETAW (Acre-Feet) 60 680 0 0 900 0 750 0 2,390
AW (Acre-Feet) 90 1,360 0 0 1,530 0 1,100 0 4,090

Nevada Irrigation District
Area (Acres) 0 200 700 0 12,100 100 500 0 13,600
ETAW (Acre-Feet) 0 680 1,260 0 36,300 120 1,250 0 39,610
AW (A cre-Feet) 0 1,360 1,820 0 61,710 180 1,850 0 66,920

County Zone 29
Area (Acres) 400 5,700 0 300 2,800 100 0 0 9,300
ETAW (Acre-Feet) 240 19,380 0 450 8,400 120 0 0 28,590
AW (Acre-Feet) 360 38,760 0 660 14,280 180 0 0 54,240

Lincoln
Area (Acres) 200 0 0 0 2,100 0 0 0 2,30
ETAW (Acre-Feet) 120 0 0 0 6,300 0 0 0 6,420
AW (Acre-Feet) 180 0 0 0 10,710 0 0 0 10,890

Placer County Water Agency
Area (Acres) 0 0 0 80 5,700 70 1,300 0 7,150
ETAW (Acre-Feet) 0 0 0 112 14,820 63 2,470 0 17,465
AW (Acre-Feet) 0 0 0 168 24,510 105 3,640 0 28,423

Roseville / San Juan Suburban
Area (Acres) 0 0 0 0 0 0 0 0 0
ETAW (Acre-Feet) 0 0 0 0 0 0 0 0 0
AW (Acre-Feet) 0 0 0 0 0 0 0 0 0

Service Area Total Acres 1,100 14,400 700 480 25,800 270 3,300 200 46,250

ETAW Total 660 48,960 1,260 712 75,120 303 7,470 380 134,865

AW Total 990 97,920 1,820 1,048 127,020 465 11,040 580 240,883

NOTE. Unit AW values are from DAU 172 (Bulletin 160487) except Pasture & Alfalfa, which has been lowered to represent some DAU 161
conditions.
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Table D-17
AGRICULTURAL LAND USE, EVAPOTRANSPIRATION OF APPLIED WATER, AND APPLIED WATER,

2020
Placer County Service Area

Field Misc. Pasture & Misc. Fruit & Vine-
Grain Rice Corn Field Alfalfa Truck Nuts yards Total

Unit ETAW (AF/Acre) 0.6 3.4 1.8 1.5 3.0 1.2 2.5 1.9
Unit AW (AF/Acre) 0.9 5.7 2.6 2.2 4.9 1.7 3.6 2.7

West Roseville
Area (Acres) 0 500 0 0 1,000 0 0 200 1,700
ETAW (Acre-Feet) 0 1,700 0 0 3,000 0 0 380 5,080
AW (Acre-Feet) 0 2,850 0 0 4,900 0 0 540 8,290

South Sutter
Area (Acres) 1,000 9,000 0 100 1,900 0 200 0 12,200
ETAW (Acre-Feet) 600 30,600 0 150 5,700 0 500 0 37,550
AW (Acre-Feet) 900 51,300 0 220 9,310 0 720 0 62,450

Camp Far West
Area (Acres) 0 300 0 0 100 0 1,000 0 1,400
ETAW (Acre-Feet) 0 1,020 0 0 300 0 2,5 0 3,820
AW (Acre-Feet) 0 1,710 0 0 490 0 3,600 0 5,800

Sheridan
Area (Acres) 200 250 0 0 350 0 300 0 1,100
ETAW (Acre-Feet) 120 850 0 0 1,050 0 750 0 2,770
AW (Acre-Feet) 180 1,425 0 0 1,715 0 1,080 0 4,400

Nevada Irrigation District
Area (Acres) 100 250 650 0 13,500 100 400 0 15,000
ETAW (Acre-Feet) 60 850 1,170 0 40,500 120 1,000 0 43,700
AW (Ac-Feet) 90 1,425 1,690 0 66,150 170 1,440 0 70,965

County Zone 29
Area (Acres) 3,300 7,000 0 300 3,200 100 0 0 13,900
ETAW (Acre-Feet) 1,980 23,800 0 450 9,600 120 0 0 35,950
AW (Acre-Feet) 2,970 39,900 0 660 15,680 170 0 0 59,380

Lincoln
Area (Acres) 400 0 0 0 2,100 0 0 0 2,500
ETAW (Acre-Feet) 240 0 0 0 6,300 0 0 0 6,540
AW (Acre-Feet) 360 0 0 0 10,290 0 0 0 10,650

Placer County Water Agency
Area (Acres) 0 0 0 70 6,400 80 1,110 0 7,660
ETAW (Acre-Feet) 0 0 0 98 16,640 72 2,109 0 18,919
AW (Acre-Feet) 0 0 0 133 25,600 104 2,886 0 28,723

Roseville / San Juan Suburban
Area (Acres) 0 0 0 0 0 0 0 0 0
ETAW (Acre-Feet) 0 0 0 0 0 0 0 0 0
AW (Acre-Feet) 0 0 0 0 0 0 0 0 0

Service Area Total Acres 5,000 17,300 650 470 28,550 280 3,010 200 55,460
ETAW Total 3,000 58,820 1,170 698 83,090 312 6,859 380 154,329
AW Total 4,500 98,610 1,690 .,013 134,135 444 9,726 540 250,658

NOTE. Unit AW values are from DAU 172 (Bulletin 160-87) except Pasture & Alfalfa, which has been lowered to represent some DAU 161
conditions.
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In summary, the 1985 irrigation water uses are 134,900 acre-feet for ETAW and 240,900
acre-feet for AW. These are expected to increase to 154,300 acre-feet ETAW and 250,700 acre-
feet AW by 2020. The difference between the ETAW and AW indicates:

" The quantity of water that returns to or contributes to ground water recharge,

and/or

" The quantity of water that is available for reuse in another study area, and/or

" The quantity of water that leaves the area as agricultural drainage water.

Water Cost

Future irrigated crop acreage in Placer County service area was projected assuming
irrigation water cost would be about $20 per acre-foot at the farmer's headgate. This is based on
an estimated average cost of pumping ground water in that area. The Department of Water
Resources has recently detected some evidence that ground water levels in southwestern Placer
County are declining. However, neither the availability nor the cost of water is assumed to be a
major factor in determining the level of agricultural activity in Placer County. The primary factors
affecting crop acreage, in the Department's opinion, are market prices, demand, government
programs, demographics, and soil suitability.

Impact of Urban Growth on Agriculture

The county has experienced extensive urban and suburban growth over the last couple of
decades. Much of the growth has been along Interstate 80, and much of it has been on land once
used for orchards. However, the growth is now moving westward and is of both the urban and
suburban type.

It is difficult for urban and agricultural land uses to coexist because, among other reasons,
higher urban land values tend to shift land uses. Also, the division of the land into small parcels, as
is characteristic of suburban land uses, essentially precludes the development of commercial agri-
culture in that area. Of course, with that suburban development comes some small-acreage growth
in crops such as fruits and nuts, but that will not offset the general decline in commercial agricul-
ture.

Summary of Water Use Estimates

In the Department's view, the general historical trend in Placer County is growth of the
urban sector and decline of the agricultural sector. There will be a small increase in the 2020 pro-
jected crop acreage of some crops, but no return to the peak crop acreages reported at 66,500
acres in the 1975 Placer County Agricultural Commissioner's report. The western portion of the
county, it appears, will remain agricultural longest, although even that area is facing developmental
pressures.

Principal crops in the county will continue to be grain, pasture, and rice, although no major
increase above historical levels is expected. This conclusion is assumed to hold whether or not the
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source of water is changed from ground water to surface water. The reason for this conclusion is
that demographic and economic considerations (other than water) are believed to be the primary
factors in this area.

No major change in cropping pattern is likely because soils in the area are best suited for
shallow-rooted crops.

Local Agencies' Water Use Estimates

Placer County Water Agency supplied the Department of Water Resources with a copy of
its June 13, 1989, memorandum, containing projections of total water needs through 2020. The
Agency made the following assumptions and projections:

>> No changes would be made in its contractual obligation.

o Total agency water needs in 2020 were projected to be 286,000 acre-feet (156,000
for Zone 1 plus 130,000 for contracts).

>> A delivery system will be built to deliver American River water to the place of use.

To compare Placer County Water Agency projected water needs with those of the
Department of Water Resources, conveyance losses were subtracted from the Agency's figures.
For western Placer County future American River service area, Placer County Water Agency
stated that all water available for the area would be used. Therefore, 2020 needs were assumed
equal to the total water supply of 156,000 acre-feet (see discussion on water supply, below). For
Zone 1, Placer County Water Agency estimated 2020 demand to be 156,000 acre-feet per year at
the point of diversion. With 30 percent ditch losses and 15 percent operational losses subtracted,
the at-site demand becomes 110,000 acre-feet. City of Roseville and San Juan Suburban Water
District both stated that by 2020 they would be using their entire entitlement of 67,000 acre-feet.
With 8 percent conveyance losses subtracted, the 2020 demand becomes 62,000 acre-feet.

In a letter dated April 10, 1990, to the Department of Water Resources, Placer County
Water Agency indicated that the area is probably developing much more rapidly than projected by
the Department of Finance, and the agency disagreed with the projected water needs contained in
this report.

WATER SUPPLY

Water supply for the Placer County service area is summarized in Table D-18. Placer
County service area's water supply comes from three sources: the American River, the Bear River
and Yuba River diversions, and ground water.

Surface Water

At this time, there is no system to deliver American River water to western Placer County.
When a system is constructed, water will be diverted from the American River based on water
rights and a contract with the U.S. Bureau of Reclamation. In a letter dated February 23, 1962,
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Table D-18
WATER SUPPLY

Placer County Service Area
(Acre-Feet)

American River Other Than American River
Surface Net* Surface *Net Ground
Water Losses Supply Water Losses Supply Reuse Water *Total

Western Placer
Future American River
Service Areas 95,000 14,000 81,000 ... 2,000 0 2,000 33,000 40,000 156,000

Other Potential
Service Areas 0 0 0 102,000 15,000 87,000 16,000 27,000 130,000

Subtotal 95,000 14,000 81,000 104,000 15,000 89,000 49,000 67,000 286,000

Placer County Water
Agency, Zone 1 107,000 11,000 96,000 -98,000 44,000 54,000 0 0 150,000

Roseville /
San Juan Suburban 67,000 5,000 62,0000 0 0 0 0 0 62,000

Total 269,000 30,000 239,000 202,000 59,000 143,000 49,000 67,000 498,000

* Surface Water minus Losses.
Net Surface Water (American and Other Than American) plus Reuse plus Ground Water.

* PG&E water for Zone 1 (98,000 accre-feet) and Lincoln (2,000 acre-feet).

* Placer County Water Agency and the Bureau of Reclamation agreed that the Agency could divert
up to 120,000 acre-feet annually from the American River, assuming the State granted the Agency
a permit to do so. The State issued the necessary permits on November 21, 1962, in its Water
Right Decision 1104. Decision 1104 stated that water would be pumped from the reservoir behind
the Auburn diversion dam into a 3-mile tunnel and released into Auburn Ravine for use in western
Placer County. Tne Bureau also agreed to sell the Agency up to 117,000 acre-feet of additional
water annually.

A portion of Placer County Water Agency's 237,000 acre-feet diverted from the American
River is delivered to southern Placer County by San Juan Suburban Water District from Folsom
Reservoir. The maximum amount currently under contract is 25,000 acre-feet. The city of Rose-
ville has rights to divert up to 32,000 acre-feet of American River water from Folsom Reservoir
and a contract with Placer County Water Agency for 10,000 acre-feet, so Roseville and San Juan
Suburban Water District can divert up to 67,000 acre-feet.

Placer County agencies are diverting water from the Bear River and Yuba River systems
totaling 192,000 acre-feet. Of this amount, 102,000 acre-feet comes from Camp Far West Reser-
voir and Nevada Irrigation District, and up to 100,000 acre-feet is purchased from Pacific Gas and
Electric Company.

Losses for the PG&E water system are estimates obtained from Placer County Water
Agency. The conveyance losses consist of ditch losses (30 percent) and operational losses (15 per-
cent). Operational losses are a combination of distribution system leakage, hillside irrigation, and
small users who purchase water year round but use it only during summer. Placer County convey-
ance losses for the American River water system were obtained from Placer County Water Agency
and Placer County Department of Public Works. Estimated conveyance losses for Placer County
are:
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> Western Placer 15 percent

)> Zone 1 10 percent

o Roseville-San Juan Suburban 8 percent

The conveyance losses are subtracted from the surface water supply (Table D-18).

Ground Water

The ground water safe yield for western Placer County was reported in State Water
Resources Bulletin 10 (1955) as 20,000 acre-feet. The Western Placer County Water Supply Inves-
tigation by Boyle Engineering (1989) shows that safe yield is about 58,000 acre-feet per year.
Because of the large difference between the 1955 DWR estimate and the 1989 Boyle Engineering
estimate, DWR recently reestimated ground water safe yield and safe pumpage for the study area
using the water budget method. This method is based on the assumption that the present pumpage
rate in the study area equals the long-term recharge rate.

The water budget calculation shows a safe yield of about 53,000 acre-feet per year and safe
pumpage of about 67,000 acre-feet per year. The present safe yield estimate of the ground water is
higher than that previously estimated because of the greater amount of surface irrigation in the
study area, which contributes to ground water recharge.

Current ground water pumpage exceeds the safe pumpage amount in some areas. Well
hydrographs for the area west of Roseville and south of Lincoln show that ground water levels
have not recovered following the 1976-1977 drought. A more detailed ground water study is
needed to refine the safe yield and safe pumpage. The study should also include parts of
Sacramento and Sutter counties where overdraft has been identified.

SUPPLEMENTAL WATER NEEDS

The 2020 supplemental water needs calculated by the Department of Water Resources
for Placer County service area (Table D-19) were determined by taking the water use from
Table D-11 and subtracting the water supply from Table D-18. The difference is the shortage or
surplus. If the difference is negative, additional supply is needed. Supplemental needs based on
Placer County Water Agency's use projections are also shown.

The Department of Water Resources projects that in 2020 Placer County service area will
have a surplus of about 173,000 acre-feet. The major problem appears to be the method of deliver-
ing the American River water to western Placer County. The County is studying alternative
methods.

0
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Table D-19
2020 SUPPLEMENTAL WATER NEEDS

Placer County Service Area
(Acre-Feet)

Department of Water Resources

Surplus (+) or
Use Supply Supplemental Need (-)

Western Placer
Future American River Service Area 83,000 156,000 + 73,000
Other Potential Service Area 153,000 130,000 - 23,000

Placer County Water Agency, Zone 1 62,000 150,000 + 88,000

Roseville / San Juan Suburban 27,000 62,000 + 35,000

Total 325,000 498,000 +173,000

Total If Water Transfer Does Not Occur - 23,000

Placer County WaterAgency

Surplus (+) or
Use Supply Supplemental Need (-)

Western Placer
Future American River Service Area 156,000 156,000 0
Other Potential Service Area - - -

Placer County Water Agency, Zone 1 110,000 150,000 + 40,000

Roseville / San Juan Suburban 62,000 62,000 0

Total 328,000 368,000 + 40,000
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SACRAMENTO COUNTY SERVICE AREA

The Department of Water Resources conducted a reconnaissance study of water needs for
the Sacramento County service area. The agricultural area included in the study is only that por-
tion within the Folsom-South service area. It excludes the Natomas and Delta areas.

Water Use

The terms water use and applied water use, as used in this report, pertain to deliveries at in-
takes to domestic, municipal, and industrial distribution systems or at farm headgates or irrigation
well heads. The term does not include surface water conveyance losses incurred from the point of
diversion to the distribution system or farm headgate. Present and future water needs are
summarized in Table D-20. Sacramento County projected its water reeds to 2015 (page D-36).
To provide values for comparison, the Department of Water Resources calculated 2015 needs as
the mid-point between 2010 and 2020 needs.

Table D-20
DEPARTMENT OF WATER RESOURCES ESTIMATES OF
SACRAMENTO COUNTY SERVICE AREA WATER USE

(Acre-Feet)

1985 0
Rural Agri-

Residential cultural Urban Industrial Total

North-Northeast 0 0 118,000 2,000 120,000
Sacramento City 0 0 163,000 12,000 175,000
Folsom-South 2,000 304,000 26,000 4,000 336,000
County Total 2,000 304,000 307,000 18,000 631,000

2015
Rural Agri-

Residential cultural Urban Industrial Total

North-Northeast 0 0 161,000 2,000 163,000
Sacramento City 0 0 263,000 12,000 275,000
Folsom-South 3,000 320,000 72,000 4,000 399,000
County Total 3,000 320,000 496,000 18,000 837,000

2020
Rural Agri-

Residential cultural Urban Industrial Total

North-Northeast 0 0 168,000 2,000 170,000
Sacramento City 0 0 277,000 12,000 289,000
Folsom-South 3,000 323,000 79,000 4,000 409,000
County Total 3,000 323,000 524,000 18,000 868,000
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Department of Water Resources projections show that total water use will increase from
about 631,000 acre-feet in 1985 to 868,000 acre-feet by 2020. This increase is from agricultural
uses increasing from 304,000 to 323,000 acre-feet and urban uses (including rural residential and
self-served industries) increasing from 327,000 to 545,000 acre-feet.

Urban Water Use

Fundamental data for estimating urban water use are population and per capita water use
values. Figure D-10 shows estimates of historical and projected population for Sacramento County
developed by the California Department of Finance. The substantial growth in the county is ex-
pected to continue, reaching 1,500,000 by the year 2020. The population in each study area in 1985
and 2020 was estimated by prorating the county population based on the 1980 distribution.

Figure D-10
SACRAMENTO COUNTY POPULATION
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Per capita use of water in an area, as defined by the Department of Water Resources, is the
total amount of water used divided by the permanent population. Historically, per capita water
use has trended upward, but it was assumed that, with the increased effects of water conservation,
the trend would level off. Per capita water use factors were presumed to remain constant from
1985 to 2020. Present and future water use in the study areas were estimated by multiplying esti-
mated population for 1985 and 2020 by per capita water use. Table D-21 presents the
computations.

Large industrial water use is self-supplied and is mostly for military use. Other industrial
water use that was not large enough to significantly affect the per capita use values was included in
the per capita computations. Large industrial use was assumed to remain constant.
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Table D-21
MUNICIPAL AND INDUSTRIAL WATER USE

Sacramento County

North- Sacramento Folsom- County
Northeast City South Total

Population
1980 282,000 429,000 51,000 762,000
1985* 314,000 490,000 69,000 872,000
1990 345,000 551,000 87,000 983,000
2000 381,000 657,000 135,000 1,173,000
2010 413,000 747,000 175,000 1,335,000
2015 430,000 789,000 192,500 1,411,500
2020 447,000 831,000 210,000 1,488,000

Per Capita Use (Acre-Feetper Year)
1985-2020 0.375 0.333 0.375

Urban Use** (Acre-Feet)
1985 118,000 163,000 26,000 307,000
1990 129,000 183,000 33,000 346,000
2000 143,000 219,000 51,000 412,000
2010 155,000 249,000 66,000 469,000
2015 161,500 263,000 72,500 496,500
2020 168,000 277,000 79,000 524,000

Large Self-Served Industrial Use (Acre-Feet)
1985-2020 2,000 12,000 4,000 18,000

Total Municipal and Industrial Use (Acre-Feet)
1985 120,000 175,000 30,000 325,000
1990 132,000 195,000 36,000 364,000
2000 145,000 231,000 54,000 430,000
2010 157,000 261,000 69,000 487,000
2015 163,000 275,000 76,000 512,000
2020 170,000 289,000 83,000 542,000

* Population for 1985 calculated as mid-point between 1980 and 1990.
* * Does not include large, self-served industries.

Agricultural Water Use

Fundamental data for estimating present agricultural water use are current crop acreages
and unit water use values. Crop acreages are obtained from Department land use surveys that
measure extent of irrigated acreage and identify types of crops being grown and other specific uses
of land, such as double-cropping practices and sources of irrigation water. Unit use values are
derived from analysis of data obtained over the years from direct measurements of applied water,
direct measurements of soil moisture consumed by evapotranspiration, and pertinent climatic
factors affecting crop water uses.

Agricultural water use is the sum of the products of the irrigated acres of the crops and
their respective unit use factors. Water delivered at the farm headgate and applied as irrigation
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water is commonly referred to as applied water (AW). That portion of applied water that is
consumed by evaporation and plant transpiration is referred to as the evapotranspiration of applied
water (ETAW). The balance of the applied water percolates below the root zone or runs into the
drainage system.

Land Use

Future agricultural water use is projected by considering various factors affecting
agriculture. Factors include historical cropping trends, impact of urban growth on agriculture,
crop suitability of available land, future market outlook, competition for land by other use, irriga-
tion and system efficiency, and water cost and other economic factors.

To estimate future land use, thle 2Ioeartment of Water Resources analyzes data from
DWR reports dealing with water use, data from past Sacramento County Agricultural
Commissioner's reports, types of crops encroached upon by urbanization (determined from land
use photographs), DWR land use surveys and land classification data, and agricultural use poten-
tial from soil surveys. Projected acreages are based on evaluation of this information, with
emphasis on the Crop Market Outlook study.

The Crop Market Outlook is important in forecasting agricultural development because it
considers economic and physical elements that influence crop production in California. The CMO
is based on national population growth, per capita consumption, and exports and imports, which
are then translated to California's share of the total production required to meet national demands
for food and fiber. California's share of the markets for various crops is, in turn, allocated to
regions of the State by considering physical and economic constraints such as availability and suit-
ability of land, climatic conditions, land use trends, production costs, land prices, farm sizes, and
other factors affecting crop production.

As a starting point, 1984 land use acreages were used. Projections to 2020 were based on
the following:

" Increases in land used for irrigated pasture, truck crops, fruit and nuts, and grapes were
based on the CMO study.

" The slight increase in acreage of grain and field crops was based on a continuation of
small increases in acreages in the Folsom-South service area between the 1974 and 1984
DWR land use surveys.

" Sufficient irrigable soil types exist to develop more irrigated crop land to meet predicted
demand.

" Some irrigated pasture land will be developed from non-irrigated range land (mapped as
native vegetation) near the Folsom-South Canal.

1 Department of Water Resources. WaterAction Plan for the Folsorn-South Service Area. 1980.

2 Department of Water Resources. The California Water Plan: Projected Use and Available Water Supply to 2010,
Bulletin 160-83. 1983.

3 Department of Water Resources. California Water: Looking to the Future, Bulletin 160-87. 1987.

4 Department of Water Resources. Draft California Market Outlook Study. Division of Planning. December 1985.
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* Some irrigated agriculture will occur on rural residential ranchettes. 0
"* Rice acreage will not change. This was based on CMO statewide demand figures drop-

ping, but local production assumed to remain constant. Recent county changes have
been too erratic to be considered a permanent trend.

"* Urbanization will not substantially reduce irrigated agricultural land, but urban uses will
be expanded on idle land near existing development.

"* Overall local demand for crops will not decrease.

"* County population will increase according to Department of Finance projections.

"* Water for agriculture will cost about $20 per acre-foot, the approximate cost of ground
water pumpage.

Present and Future Crop Water Use

Table D-22 presents the annual agricultural and rural residential water use for the Folsom-
South service area. Agricultural water use in Table D-22 is divided into evapotranspiration of
applied water (ETA W) and applied water (A 9V use. Evapotranspiration of applied water use is
the amount of irrigation water needed for agricultural plant growth. Agricultural applied water
use is the amount of water applied to satisfy both plant needs and on-farm distribution system
losses.

Agricultural water use in 1984 accounted for 90 percent of the total use. However, its
proportion goes down to 79 percent in 2020. Overall agricultural use increases from 304,000 to
323,000 acre-feet, or 6 percent.

Total urban use is composed of urban and rural residential (suburban). Urban use is based
solely on population, while rural residential is based on area. Rural residential use is the irrigated
use above normal urban use, typically that water used in large gardens and small pastures.

Table D-23 shows the acreages used in determining agricultural and rural residential use.
Agricultural water use is estimated by multiplying the unit water values (Table D-22) by irrigated
agricultural acreages (Table D-23). Irrigated pasture and field crops make up the largest acreage,
at 72 percent of the 86,000 acres of irrigated agricultural land. Table D-23 also shows urban and
remaining land. Remaining land includes idle, fallow, native vegetation, and other non-irrigated
areas.

By 2020, the total net irrigable land available for agricultural use is projected to be 110,000
acres. This was derived by superimposing projected 2020 urban and rural residential areas onto
land classification maps generated from the 1969 DWR land classification survey. Potential urban
and rural residential growth areas were delineated in coordination with the Sacramento County
Planning Department. Urbanized acreage has been excluded from the irrigable land base.

Local Agency's Water Use Estimates

Sacramento County WaterAgency Water Plan Supplement - 1989 was used to summarize
local needs. Water needs for the entire Natomas subarea and the rice acreage of the Sacramento
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Table D-22
ANNUAL EVAPOTRANSPIRATION OF APPLIED WATER AND APPLIED WATER USE,

FOLSOM-SOUTH SERVICE AREA
Sacramento County

(Acre-Feet)

Evapotranspiratlon of Applied Water (ETAW)
Unit Use
(AF/Acre) 1984 1990 2000 2010 2020

AGRICULTURAL
Grain 0.8 6,500 6,600 6,600 6,700 6,800
Rice 3.6 21,700 21,700 21,700 21,600 21,600
Sugar Beets 2.7 3,700 3,900 4,300 4,700 5,100
Other Field Crops 1.3 29,300 29,400 29,600 29,700 29,900
Alfalfa 3.0 9,000 9,000 9,000 9,000 9,000
Pasture 3.2 125,800 127,300 129,600 132,000 134,400
Tomatoes 2.1 1,800 1,800 1,900 2,000 2,100
Other Truck Crops 1.1 1,400 1,400 1,500 1,600 1,700
Fruits and Nuts 2.6 2,100 2,200 2,300 2,500 2,600
Vineyards 1.9 5,100 5,300 5,700 6,100 6,500
Total Agricultural 206,300 208,500 212,200 215,900 219,600

RURAL RESIDENTIAL 0.4 1,000 1,100 1,400 1,700 2,000

Applied Water (AW)
Unit Use
(AF/Acre) 1984 1990 2000 2010 2020

AGRICULTURAL
Grain 1.0 8,200 8,200 8,300 8,400 8,500
Rice 6.7 40,400 40,400 40,300 40,300 40,200
Sugar Beets 3.4 4,700 5,000 5,500 6,000 6,500
Other Field Crops 2.1 47,400 47,500 47,800 48,000 48,300
Alfalfa 4.1 12,200 12,300 12,300 12,300 12,300
Pasture 4.5 176,900 179,000 182,300 185,600 189,000
Tomatoes 3.2 2,700 2,800 2,900 3,100 3,200
Other Truck Crops 1.8 2,200 2,300 2,400 2,600 2,700
Fruits and Nuts 3.4 2,700 2,800 3,000 3,200 3,400
Vineyards 2.6 6,900 7,200 7,800 8,300 8,800
Total Agricultural 304,300 307,400 312,600 317,700 322,900

RURAL RESIDENTIAL 0.6 1,400 1,700 2,100 2,600 3,000

North subarea were subtracted from the projected water needs shown in Table 3.14 of that report
because it was assumed that in the future this area would not be supplied from the American
River. Sacramento County's water use in 2015 for areas served by the American River, therefore,
are (in acre-feet):

Municipal
Agricultural & Industrial Total

North-Northeast 11,000 181,000 192,000
Sacramento City 16,000 228,000 244,000
Folsom-South 287,000 88,000 375,000
Total .314,000 497,000 811,000
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Table D-23
ANNUAL LAND USE IN THE FOLSOM-SOUTH SERVICE AREA

Sacramento County
(Acres)

1984 1990 2000 2010 2020

AGRICULTURAL
Grain 8,200 8,200 8,300 8,400 8,500
Rice 6,000 6,000 6,000 6,000 6,000
Sugar Beets 1,400 1,500 1,600 1,800 1,900
Other Field Crops 22,600 22,600 22,800 22,900 23,000
Alfalfa 3,000 3,000 3,000 3,000 3,000
Pasture 39,300 39,800 40,500 41,200 42,000
Tomatoes 800 900 900 1,000 1,000
Other Truck Crops 1,200 1,300 1,400 1,400 1,500
Fruits and Nuts 800 800 900 900 1,000
Vineyards 2,700 2,800 3,000 2,200 3,400
Total Agricultural 86,000 86,900 88,300 89,800 91,300

URBAN AND RURAL RESIDENTIAL
Urban 16,500 18,900 22,900 26,900 31,000
Rural Residential 2,400 2,800 3,500 4,300 5,000
Total Urban and Rural Residential 18,800 21,700 26,500 31,200 36,000

REMAINING LAND 110,800 107,100 100,800 94,600 88,300

TOTAL AREA 216,000 216,000 216,000 216,000 216,000

0
WATER SUPPLY

Water supply for the Sacramento County service area is shown in Table D-24. The service
area's water supply comes from four sources: Sacramento River, American River, Cosumnes
River, and ground water. The values were compiled from local planners, the U.S. Bureau of Recla-
mation, and the Department of Water Resources. The numbers are based on present water rights
and water contracts and do not include uncommitted Bureau of Reclamation water supply. Some
of these amounts depend on construction of water delivery systems and amending current water
rights and contracts.

Table D-24
WATER SUPPLY

Sacramento County Service Area
(Acre-Feet)

American River Other Than American River
Surface Net Surface Net Ground

Service Area Water Losses Supply Water Losses Supply Water Total

North-Northeast 95,000 5,000 90,000 0 0 0 41,000 131,000
Sacramento City 230,000 12,000 218,000 82,000 4,000 78,000 73,000 369,000

Folsom-South 0 0 0 2,000 0 2,000 223,000 225,000

Total 325,000 17,000 308,000 84,000 4,000 80,000 337,000 725,000

0
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Surface Water

At this time, the City of Sacramento is the only agency in the service area diverting water
from the Sacramento River. The city has water rights to divert up to 82,000 acre-feet per year
from the Sacramento River. The city also has water rights to divert up to 245,000 acre-feet per
year from the American River.

The American River supply is subject to a buildup schedule included in the city's contract
and the allowable diversion in 2015 is 189,000 acre-feet with the ultimate diversion of 245,000 acre-
feet in 2030. The contract also states that if before 2030 the city finds that accelerated growth has
increased its water requirement to greater than the schedule, the amount of water to be furnished
each year can be advanced. The city is also contractually obligated to make 15,000 acre-feet
annually of its American River water entitlement available to the Sacramento Municipal Utility
District for use outside the city's place of use. Based on this, the American River water assumed to
be available to the City of Sacramento in 2015 is 230,000 acre-feet (245,000 minus 15,000).

Other agencies divert water from the American River at various points to supply the North-
Northeast subarea. San Juan Suburban Water District, City of Folsom, and Folsom Prison divert
from Folsom Lake under water rights and contracts with the Bureau of Reclamation. Carmichael
Water District and Arcade Water District divert from the American River based on water rights.
The total amount available for diversion to the North-Northeast subarea by these agencies isup to
95,000 acre-feet per year.

About 2,000 acre-feet is diverted from the Cosumnes River by the Omochumne-Hartnell
* /Water District, based on water rights. This supply is generally classified as intermittent.

Conveyance losses are subtracted from the surface water supply. The difference is the net
surface water supply. Sacramento County losses, taken from Sacramento County WaterAgency
Water Plan Supplement - 19891, use a 5 percent factor for conveyance losses.

Ground Water

All subareas receive a portion of their water supply from ground ,ater. The estimated safe
yield (safe pumpage) of the North-Northeast subarea is 41,000 acre-feet , for the City of Sacra-
mento is 73,000 acre-feet, and for the Folsom-South subarea is 223,000 acre-feet3 . The
Folsom-South subarea receives most of its water supply from ground water, and the ground water
basin has been overdrafted for several years.

Ground water quality varies throughout Sacramento County. The City of Sacramento
believes that, because of iron and manganese present in its ground water, the safe yield should be
reduced by half, to about 37,000 acre-feet. The city is now conducting a study to verify this infor-
mation. Until the study is completed, the safe yield will be considered to be 73,000 acre-feet.

1 Sacramento County, Sacramento County WaterAgency Water Plan Supplement - 1989. Table 3.1. December 1989.

2 Estimates taken from-material submitted by Sacramento County Water Agency to State Water Resources Control
Board Bay/Delta Hearings (July 1987).

3 Department of Water Resources, Water Action Plan for the Folsom-South Service Area, Central District, 1980.
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SUPPLEMENTAL WATER NEEDS 0
The 2015 supplemental water needs projected by the Department of Water Resources for

Sacramento County service area (Table D-25) were determined by taking the water supply from
Table D-24 and subtracting the water use from Table D-20. The difference is the shortage or
surplus. If the difference is negative, additional supply is needed. Sacramento County's projected
water use was taken from the Water Agency's Water Plan Update.

Table D-25
2015 SUPPLEMENTAL WATER NEEDS

Sacramento County Service Area
(Acre-Feet)

Department of Water Resources

Surplus (+) or

Use Supply Supplemental Need (-)

North-Northeast 163,000 131,000 - 32,000

'Sacramento City 275,000 369,000 + 94,000

Folsom-South 399,000 225,000 -174,000

Total 837,000 725,000 *- 206,000

Sacramento Coun.N WaterAgency

Surplus (+) or

Use Supply Supplemental Need (-)

North-Northeast 192,000 158,000 - 34,000

Sacramento City 244,000 370,000 + 126,000

Folsom-South 375,000 216,000 -159,000

Total 811,000 744,000 **- 193,000

* If the City of Sacramento transfers its 94,000-acre-foot surplus to Sacramento County, the county's supplemental need will be 112,000
acre-feet by 2015.
If the City of Sacramento transfers its 126,000-acre-foot surplus to Sacramento County, the county's supplemental need will be 67,000

acre-feet by 2015.

Sacramento County's water issues were stated in an April 10, 1990, memorandum from
Sacramento County, City of Sacramento, and Boyle Engineering Corporation, as follows:

The issue of water supply to Sacramento County has been a complicated
one and is becoming even more so. Clearly additional surface water will
be needed to balance current groundwater overdraft and meet future
water needs; there are uncertainties in contracting for water from the
Bureau of Reclamation; water from current entitlements may be avail-
able only if contracts and permits can be amended, and the water needs

0
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0 and availability of water supplies for Sacramento County beyond 2015
must also be addressed.

Sacramento County is projected to have a supplemental need for about 206,000 acre-feet of
water in 2015. The county has been studying a combination of the following actions to meet these
supplemental needs:

>> A contract with the Bureau of Reclamation.

>) Full use of existing water supplies.

>> Water conservation.

Examples of alternatives being considered under each of these actions are described below.

Contracts with the
Bureau of Reclamation for Central Valley Project Water

A contract with the Bureau of Reclamation would involve purchase of both firm and inter-
mittent CVP water, delivered from the American River and/or the Sacramento River, to meet the
long-term water supply needs of the county. It would also require implementation of a conjunctive
use ground water program. Contracting efforts have been stalled the past few years because of
opposition from interests that believe the Central Valley Project must fully mitigate fish and wild-

* life impacts.

Other uncertainties related to the amount of water available to the Central Valley Project
include:

>> A future decision by the State Water Resources Control Board
after its review of water rights on the American River.
This decision could revise the instream flow requirement
in the Bureau's permit.

>> The Board's Bay/Delta estuary proceedings, which are now underway.

Sacramento County has indicated that if the amount of CVP water available for new
contracts is reduced to the point that insufficient uncontracted CVP water is available to meet
Sacramento County's water supply needs, then the county may, after reviewing all options, take the
position to exercise its area-of-origin water rights. Under area-of-origin protection, Section 11460
of the Water Code states:

... a watershed or area wherein water originates, or an area immediately
adjacent thereto which can conveniently be supplied with water there-
from, shall not be deprived by the department directly or indirectly of the
prior right to all of the water reasonably required to adequately supply the
beneficial needs of the watershed, area, or any of the inhabitants or
property owners therein.
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Full Use of Existing Supplies

To fully utilize existing water supplies, Sacramento County could use water that would be
surplus to the needs of the City of Sacramento and others with entitlements that are greater than
their current need. Department of Water Resources studies show a surplus of 94,000 acre-feet in
2015. The city could extend its service area or could allocate its surplus to the county. Other
sources of existing water are Sacramento Municipal Utility District's unused, contractual entitle-
ment for CVP water and reclaimed waste water.

Water Conservation

Additional water conservation measures could be used to further reduce the need for
additional water. Installing meters and charging according to the amount of water delivered could
be such a measure. Additional information on water rates is published in the Department's Water
Conservation Guidebook No. 9.

The Sacramento County Water Agency's Water Plan Supplement - 1989 assumes a residen-
tial metering program in the county would result in a 20 percent decrease in water consumption.
The amount of water saved would depend on the type of metering program implemented. One
program could be to require meters for new construction and when property is resold. If all new
construction and resold property were metered between 1990 and 2015, savings could amount to
about 30,000 acre-feet per year by 2015.
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APPENDIX - LAND USE

1. Introduction. - This Appendix supplements Chapter 4,
Land Use, and contains tables that describe existing and projected
future land use conditions in the American River Watershed
Investigation (ARWI) study area under "without" and "with" project
conditions. Tables E-1 and E-4 contain detailed analysis of future
land use conditions under without and with project conditions for
Natomas and Lower American River. It should be noted that Tables
E-1 and E-4 show different sub-area delineations for Natomas. The
sub-areas in the aforementioned tables were based on Community
Plans and Sacramento City and South Sutter County General Plans.
Natomas has been divided into the following sub-areas: City
Community Plan Areas, Unincorporated North Natomas, and South
Sutter County. This latter division of Natomas is in accordance
with impact analysis addressed in other chapters and appendices.
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Land Use
TABLE E-1. Natomas/Lower American River - Without Project

North Sacramento
ACRES

Time Commercial .... Residential . Industrial Public Agric.Nacant
100 400 [DIFF 100 400 DIFF 100 400 0DIFF 1001 400 1DIFF 100 400 DIFF

1990 310 4451 135 3325 4760 1425 35 50 15 45 45 0 371 600 229
1992 310 471 161 3325 4770 1435 35 55 20 45 46 1 371 558 187
2000 310 510 2001 3325 4862 1527 35 100 65 45 51 6 371 377 6
2010 310 510 200 3325 4862 1527 35 100 65 45 57 12 1 371 371 0
2100 310 510 200 3325 4862 1527 35 100 65 45 57 12 1 371 1,371 10

South Sacramento

ACRES
Time Commercial Residential Industrial Public Agric.Nacant

100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF
1990 1930 2570 640 19070 [28530 9460 300 400 100 3675 4295 620 5095 8205 3110
1992 1930 2620 690 19290 129365 10075 436 664 228 3675 4295 620 4739 7056 2317
2000 1940 2821 881 20169 32070 11901 97811720 742 3675 4295 620 3308 3094 -214
2010 1950 3072 1122 21268 32070 10802 1655 3041 1386 3675 4295 620 1522 1522 0
2100 1950 3072 1122 21268 32070 10802 1655j.3041 1386 3675 4295 620 I 1522 1522 ,, 0

South Natomas Community Plan
ACRES

Time Commercial Residential Industrial Public Agric./Vacant
S.... 100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFO 100 400 ]DIFF

1990 271 271 0 1666 1666 0 0 0 0 581 581 0 1550 1550 0
1992 329 329 0 1666 1666 0 0 0 0 643 643 0 1 1430 1430 0
2000 329 329 0 1666 1666 0 0 0 0 643 643 0 1430 143
2010 329 329 0 1666 1666 0 0 0 0 643 643 0[1430 1430 0
2100 329 329 0 1666 1666 0 0 0 0 643 643 0 t 1430 143 0

North Natomas Community Plan
ACRES

Time Commercial Residential Industrial Public Agric./acant
100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF

1990 167 167 0 26 26 0 19 19 0 210 210 0 8332 8332 0
1992 167 167 0 26 26 0 19 19 0 210 210 0 8332 8332 0
2000 167 167 0 26 26 0 19 19 0 210 210 0 8332 8332 0
2010 167 167 0 26 26 0 19 19 0 210 210 0 8332 8332 0
2100 167 167 0 226 26 0 19 19 0 210 2101 0 1 8332 8332 0
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TABLE E-1. (cont.)

South Suffer County
ACRES

Time Commercial Residential Industrial f Public I Agric.Nacant
100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 IDIFFI 100 400 DIFF

1990 195 195 0 390 390 0 195 195 0 200 200 0 315020 15020 0
1992 195 195 0 F 390 390 0 195 195 0 200 200 0 15020 15020 0

2000 195 195 0 390 390 0 195 195 0 200 200 0 15020 15020 0
2010 195 195 01 390 390 0 195 195 0 200 200 0 15020 15020 0
2100 195 195 0 390 390 0 195 195 0 200 200 0 15020 15020 0

Dry Creek
______ ACRES ______________ ___ __ _

Time Commercial Residential Industrial Public Agric.Nacant
100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFFi 100 400 DIFF

1990 60 60 0 2220 2220 0 20 20 0 500 500 0 3000 3000 0

1992 60 60 0 2220 2220 0 20 20 0 500 500 0 3000 3000 0

2000 60 60 0 2220 2220 0 20 20 0 500 500 0 3000 3000 0
2010 60 60 0 2220 2220 0 20 20 0 500 500 0 3000 3000 0

2100 60 60 0 2220 22201 0 20 20 0 500 500 0 3000 3000 0

Rancho Cordova ACRES
ACRES _______ ______ ______

Time Commercial Residential Industrial Public Agric.Nacant
100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF

1990 10 104 94 150 1483 1333 0 20 20 60 60 0 250 2533 2283

1992 10 104 94 150 1483 1333 0 20 20 60 60 0 250 2533 2283

2000 22 171 149 150 1528 1378 11 38 27 60 60 0 227 2415 2188

2010 22 171 149 150 1528 1378 11 232 221 60 60 0 227 2203 1976

2100 22 171 149 150 1528 1378 11 232 221 601 60 0 227 2203 1976

Total
Time Commercial I Residential Industrial Public Agric.Nacant

100 400 1DIFF 100 400 DIFF 100 400 0DIFF 100 400 DIFF 100 400 DIFF

1990 2943 3812 869 26847 39075 '12228 569 704 135 5271 5891 620 33618 39240 5622

1992 3001 3946 945 127067 39920 12853 705 973 268 5333 5954 621 132942 37729 4787

2000 3023 4253 1230 127946 42762 14816 1258 2092 834 5333 15959 626 131488 33468 1980
2010 3033 4504 1471 129045 42762 13717 1935 3607 11672 5333 15965 632 129702 31678 1976
2100 3033 4504 1471 129045 42762 13717 1935 13607 11672 15333 15965 632 129702 31678 1976
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Table E-3. Upper American River Area - Population Projections
Under Without Project Conditions

Sub-areas

Year Auburn Cool- Green- Garden George- Lotus- Total
Pilot wood Valley town Coloma

___ __ __ ___ __ __ Hill __ _ _ __ _ _ _ _ _ _ _ _ _

1990 31,000 2,830 940 2,070 2,850 1,600 41,29

1995 37,200 3,750 1,246 2,588 3,766 2,000 50,65

2000 43,710 4,670 1,504 3,002 4,560 2,320 59,76

2010 58,134 6,226 1,974 3,830 6,128 2,960 79,25

2020 58,134 7,783 2,350 4,554 7,553 3,520 83,53

2030 58,134 9,339 2,726 5,279 8,978 4,080 88,53

2040 58,134 10,754 3,008 5,796 9,053 4,480 82,24

'2050 58,134 11,886 3,290 6,314 10,973 4,880 95,47

0
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Land Use

Table E-4. Natomas/Lower American River - With Project

North Sacramento
ACRES

Time Commercial Residential Industrial Public Agric.Nacant
100 400 DIFF 100 400 3DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF

1990 310 445 135 3325 4760 1435 35 50 15 45 45 0 371 600 229
1992 310 460 150 3325 4770 1 1445 35 55 20 45 46 1 371 569 198

2000 310 482 172 3325 4810 1485 35 100 40 45 51 6 371 457 86
2010 310 510 200 3325 4862 1537 35 100 65 45 57 12 371 371 0
2100 310 510 200 3325 4862 1537 35 100 65 45 57 12 371 371 0

South Sacramento

ACRES
Time Commercial Residential Industrial Public Agric./Vacant

100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF

1990 1930 2570 640 19070 28530 9460 300 400 100 3675 4295 620 5095 8205 3110
1992 1978 2634 656 19396 29022 9626 436 664 228 3675 4295 620 4585 7385 2800
2000 2168 2892 724 20702 30990 10288 978 1720 742 3675 4295 620 2547 4103 1556
2010 2405 3214 809 22335 33450 11115 1655 3041 1386 3675 4328 653 0 0 0
2100 2405 3214 809 22335 33450 11115 1655 3041 1386 3675 4328 1 653 0 0 0

South Natomas Community Plan
ACRES

Time Commercial Residential Industrial Public Agric,/Vacant
100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF 1001 400 DIFF

1990 271 271 0 1666 1666 01 0 0 0 581 581 0 1550 1550 0
1992 329 329 0 1666 1666 0 0 0 0 643 643 0 1470 1470 0
2000 463 463 0 2167 2167 0 0 0 0 643 643 0 748 748 0
2010 668 668 0 2382 2382 0 0 0 0 643 643 0 271 271 0
2100 668 668 0 2382 2382 0 0 0 0 643 643 0 271 271 0

North Natomas Community Plan
ACRES

Time Commercial Residential _ Industrial Public Agric.Nacant
100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF

1990 167 167 0 26 26 0 19 19 0 210 210 0 8332 8332 0
1992 167 167 0 26 26 0 19 19 0 210 210 0 8332 8332 0
2000 1500 1500 0 1242 1242 0 19 19 0 210 210 0 5702 5702 0
2010 3796 3796 0 2625 2625 0 19 19 0 210 210 0 1830 1830 0
2100 3796 3796 0 2625 2625 0 19 19 [0 210 210 0 1830 1830 0

E-6
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Table E-4. (cont.)

South Sutter County
ACRES

Time Commercial Residential Industrial Public jAgric.Nacant
100 400 DIFF 1001 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 IDIFF

1990 195 195 0 390 390 0 195 195 0 200 200 0 15020 15020 0
1992 195 195 0 390 390 0 195 195 0 200 200 0 15020 15020 0

2000 195 195 0 390 390 0 195 195 0 200 200 0 15020 15020 0
2010 325 325 0 850 850 0 325 325 0 200 200 0 14180 14180 0
2100 325 325 0 850 850 0J325 325 0 200 200 0 14180 14180 0

Dry Creek
ACRES

Time Commercial Residential Industrial Public Agric./acant
100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF

1990 60 60 0 2220 2220 0 20 20 0 500 506 0 3000 3000 0
1992 60 60 0 2220 2220 0 20 20 0 500 500 0 3000 3000 0

2000 60 60 0 2220 2220 0 20 20 0 500 500 0 3000 3000 0
2010 60 60 0 2220 2220 0 20 20 0 500 500 0 3000 3000 0
2100 60 60 0 2220 2220 0 20 20 0 500 500 0 3000 3000 0

Rancho Cordova ACRES
ACRES __________

Time Commercial Residential Industrial Public -Agric.Nacant

100 400 DIFF 100 400 D:FF 100 400 DIFF 100 400 DIFF 100 400 DIFF

1990 10 104 94 150 1483 1333 0 20 20 60 60 0 250 2533 2283

1992 10 104 94 150 1483 1333 0 20 20 60 60 0 250 2533 2283
2000 221 10 49 150 1528 1378 11 38 27 60 60 0 227 2415 2188
2010 22 171 149 150 1528 1378 11 232 221 60 60 0 227 2203 1976
2100 22 171 149 150 1528 1378 11 232 221 60 60 0 227 2203 1976

Total
ACRES

Time Commercial Residential _ Industrial Public Agric.Nacant
100 400 DIFF 100 400 [DIFF 100 400 DIFF 100 400 DIFF 100 400 DIFF

1990 2943 13812 869 26847 39075 112228 569 704 135 5271 5891 620 33618 39240 5622
1992 3049 3949 900 27173 39577 12404 j705 973 268 5333 5954 621 33028 38309 5281
2000 4718 5763 1045 30196 43347 13151 1258 12092 834 5333 5959 626 27615 31445 3830
2010 7586 8744 1158 33887 47917 14030 2065 13737 1672 5333 5998 665 19879 21855 1976
2100 7586 8744 1158 33887 47917 14030 12065 13737 1672 5333 5998 665 19879 121855 11976
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